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BBEJIEHUE

JI 6op Topusa Beicokux sHepruil (JIBD) OObenmHEHHOro WHCTUTYT —Sep-
HbIX uccienos Huil (OUSIN) cBoum poxkaenurem 0653 H PU3M4ecKOMY HHCTUTYTY
um. I1. H.Jlebenee AH CCCP (®HUAH), rme B 1944 r. B.M.Bekcnep (Bnocnen-
cTBUU TepBblii aupekTop JIBD) oTKpb1 mpuHIMn BTO¢g 3UPOBKH, JeX IUH B
OCHOBE p OOTHI HUKJINYECKUX YCKOpHUTENeil BricoKux aHepruid. Ilog ero pykoson-
ctBoM B 1949-1950 rr. B ®UAH 6bu10 p 3p 60T HO hu3MUecKoe 0OOCHOB HHE
HOBOTO YCKOPHTENI — CUHXPO( 30TPoH , B 1953 1. 6blm 06p 30B H DIEKTpo-
¢usmyeck g 1 60p topusi AH CCCP (DDJIAH) mid npoBeneHUs UCCISIOB HUI
B 0011 CcTH (PU3MKM BBHICOKMX DHEPIHi H YXKe CTPOMBLIEMCS CHHXPOg 30TpOHE.

DDJIAH ot B coct B OMSAN 26 m pr 1956 1. mcT 1 H 3b1B Thest JI -
6op Topmeil BeicokuX dHepruil. CuHxpod 30TpoH H ®Hepruio npotoHos 10 3B
611 3 mymeH B nperne 1957 r., B To BpeMst 3TO ObUT C MBI KPYIHBIH YCKOPHUTEh
B MHUDE.

IMporp MM wuccrenoB HUM H CHHXPOG 30TpOHE ObLI MOATOTOBIEH W OCY-
LIeCTBIsT ¢b nof pykosoicTsoM B.H. Bekcnep , M. A.M pkos u U.B. Yysuio,
KOTOPBIN BIIOCIENCTBUU CT JI BTOPHIM aupekTopoM JIBD. DkcrepuMeHTs ObUTH
H IIeJIEHBl, B NIEPBYIO OY€pelb, H M3y4EHUE MPOLECCOB YIPYTOro p CCEAHUS IpU
NIPEeIbHO M JIBIX U NPEAeSIbHO OOJIBIINX IIEPEl U X MMITYJIbC H MHOXECTBEHHOTO
0o0Op 30B HMSl U CTHLl B JPOH-HYKJIOHHBIX B3 UMOIEUCTBHSIX. B aTOT mepuox Obu1
BBIIIOJIHEH T KX€ PsJ] 9KCIIEPUMEHTOB, KOTOPBIE IPUBEIH K OTKPBITUIO HTHUCUTM -
MHHYC-THIIEPOH , P CI A (PU-HOMB-ME30H H 3IIEKTPOH-TIO3UTPOHHYIO I Py U
pal  IpYrUX SBICHUI.

Iloznnee A.M. B nuun, cinenyromwuil qupexrop JIBD, npemnoxusl HOBoe H -
IIp BJIEHUE MCCIIENOB HUIl MPOLIECCOB B3 MMOAENUCTBUS, B KOTOPBIX MOXET IpO-
ABJIATLCS KB PKOB S CTPYKTYp Sfep, — PEeNATUBUCTCK 4 siepH g ¢usuk (PAD).
H 4 50 TuM uccaenoB HUAM ObUIO 1M0J0XeHO B JIBD dKCHEepuMeHT MU MO U3y-
YEeHHI0 00p 30B HMS KyMYJISTHUBHBIX 4 CTHUIl B Pe KIHUAX C y4 CTHEM saep.

Lenen np BiIeHHOE P 3BUTHE CHHXPO( 30TPOH IO3BOJIHMIIO UCIIONB30B Th JUIS
¢usnyeckux uccnenos Huil B 1971 r. yckopennsie neiitponsl. C BBOJIOM B 9KC-
wiy T uuio B 1993 r. cBepXIpOBOMAILEr0 YCKOPUTENS PEeSTUBUCTCKUX SIep —
HYKJIOTPOH OTKPBUIMCh HOBbIE BO3MOXHOCTH ISl MCCIIENOB HUsI B OO CTH peJsi-
TUBHUCTCKOH SIEPHOM (PH3UKHL.

OnHUM M3 OCHOBHBIX H TP BJIGHWH P 3BUTHSI COBPEMEHHOM (DH3MKH BBICO-
KHUX DHEpruil BNseTcd U3yuyeHHe CUJIbHOB3 HUMOJEWCTBYIOILEH M TepUH B dKCTpe-



M JIBHBIX YCIIOBHSIX (IIPH BBICOKHMX TEMIIEP TYP X U/WIH IUIOTHOCTIX 6 PUOHHOIO
3 pan ). T kue ycioBus MOIVIM BO3HMK Th H P HHHUX CT AuSIX 3Bomouuu Bce-
JICHHOi, B HEHTPOHHBIX 3BE3[ X, M, BO3MOXHO, MOTYT OBITb HOCTHUTHYTHI B JI -
60p TOPHBIX YCIIOBHSX B CTOJKHOBEHHUSIX PEIATHBUCTCKUX TSXKENBIX Auep. DTUM
00OBSICHSIETCS TIOCTOSIHHOE CTPEMIIEHHE BEAYIIMX MUPOBBIX LIEHTPOB 110 (PU3UKE BbI-
COKHUX DHEPIHil K CO3[ HUI0 HOBBIX YCKOPHUTEIEH TLKENbIX fiep U K YBeTUYCHUIO
9HEpIuil yXxe CyLIECTBYIOIUX YCKOpPHUTENEeH.

Cornn cHO MMEIIUMCA TEOPETHYECKUM IIPEICT BIEHUAM, CHIBHOB3 MMOIECH-
CTBYIOLI 51 M TEpUsl MOXET IpEeTepIeB Th cepuio ¢ 30BBIX NMEPEXOIOB K K C Of-
HOBPEMEHHBIM, T K U C P 3IeJIbHbIM yBEJTMYEHHUEM TEMIIEpP TYphl U IUIOTHOCTH O -
PUOHHOIO 3 psJ , OMHUM U3 KOTOPBIX 4BJIdeTcs () 30BbIi MEPEXOA MEPBOrO POJ
BOCCT HOBJIEHHMS KUD JIbHOW CUMMETPUH, KOTOp § CWIBHO H pYIIEH IpU HOp-
M JIBHBIX YCIIOBHSAX. TeOpeTHYEeCKM IpPENCK 3bIB €TCd CYLIECTBOB HHE COOTBET-
CTBYIOLIEH 3TOMY MEPEXOIy CMeIl HHOM () 361 — (b 3BI COCYIIECTBOB HUSI M TEPUH
C H PYLUIEHHOW M HEH PYLIEHHOW KHUP JIbHOW CHUMMETPHEM.

K xzplil CylecTBYIOLMI CErofHS B MUPE YCKOPHUTENb TSXKEINbIX g1ep M03BO-
JISIET UCCIIENOB Th OIPEeNIeHHYI0 OOJI CTh () 30BOM JIM I'P MMBI CHJIBHOB3 MMO-
ASHCTBYIOIIEH M TEpPUH, ONpeNeIIeMyl0 TeMIlep TYp MH U 6 PHOHHBIMH ILUIOTHO-
CTAMH, KOTOPBIE MOTYT OBITh JOCTUTHYTHI B IIPOLIECCE COYA PEHHS B 3 BUCUMOCTH
OT YHEPIUM U TOMHOIO HOMEDP YCKOpseMbIX duep. CrenyerT OTMETHUTB, U4TO Mep-
BBIM YCKOPHUTEJIEM, IO3BOJIMBLIMM TOJIyd Th IYYKHU siiep BBICOKMX DHEPIUil, ObLI
cunxpod 3otpon OUSIM, KOTOpbIA CEerofHs yCTYyNUII MECTO HYKJIOTPOHY, IpH-
H JUIeX LIeMy K HOBOMY IOKOJIGHHIO YCKOPHUTENel H CBEPXIPOBOAAIIUX M THH-
T Xx. K k0B Xe 0051 cTb H () 30BOM I TP MMe, COOTBETCTBYIOII 51 HyKJIOTPOHY?
IepBbie MozneNbHBIE OLEHKH, cOen HHble B JI 6Op TOpUM TeopeTHYecKoil (hH3UKH
uM. H. H. Boromo6os OWU, 1ok 3bIB 10T, YTO TEMIIEp Typ | IUIOTHOCTb O pH-
OHHOI'O 3 Psl M TEpHH, 0Op 3YIOLIEHCS B IIPOLIECCE COY PEHUS SIep C  TOMHBIMU
HoMep MU ~ 200 mpu MpenenbHO AOCTUXUMBIX H HYKJIOTPOHE 3H YEHHUSX DHep-
TUM CTONKHOBEeHUS ~ 5 I'9B/HYKJIOH, MOTYT GBITh JOCT TOYHBIMH U1 JOCTIKEHHS
0011 cTh cMerl HHOM ¢ 3bI. DTO OTKPBIB €T HOBbIE NMEPCHEKTUBBI IS IPOTP MMBI
(puznueckux uccnegoB HUM H HYKJIOTPOHE, YTO OBUIO OCO3H HO COBCEM HEI BHO
(8 H 4 e 2005 r.) B JI 6Op TOPUM TEOPETHYECKOH (PU3MKM W WHULHHPOB JIO
mmpokue obcyxnenuss B OMSIM n  KTUBHYIO NMOMIEPXKKY U 3 MHTEPECOB HHOCTb
JIBD.

H psany ¢ 0630pom pe3yiabt ToB JIBD mocniemHux JieT Uesiblo H CTOSIIero 00-
30p 4BJIdeTcd T KXe IOK 3 Th MECTO M 3H 4YeHHe HykjotpoH OWAHN B pany
CYILECTBYIOILUX YCKOPUTENEH TAKebIX MOHOB U MOJYEPKHYTh KTy JIBHOCTb J JIb-
HEWIINX MCCIIeNOB HUii B 3TOH 00O CTU B CBETE HEJl BHO BO3HMKILIUX IPEJICT Bile-
HUI.

B KopoTKOM 0030pe HEBO3MOXHO OTp 3UTh BCIO AesiTernbHOCTh JIBD 3 mo-
ClIeAHHE TOMIbI, IIO3TOMY MBI OCT HOBWJIMCH TOJIBKO H H HOoJIee IpKHX, [0 H LIeMy
MHEHUIO, Pe3yJIbT T X, MOJYYEHHBIX H CHHXpO( 30TpPOHE 3 TOCIEIHUIA Nepuos



ero p 6OTHl U H HYKJIOTPOHE C MOMEHT €ro 3 IycK , BMecTe C (PH3MYECcKOM
MPOTp MMO#i OYAyIIMX UCCICHOB HHIA.

1. HAYAJIO UCCJIEIOBAHHUM IO PEISATUBUCTCKON SAAEPHOM
®U3HUKE B OUAHU

1.1. OTKpbITHE A1€PHOT0 KyMYAATUBHOIO 3¢h¢eKT . [Tyukn 9 CTUI BBICOKHX
®HEPrUil JOJIroe BpeMd IOJIyd JINCh UCKITIOUUTEIPHO H MPOTOHHBIX M 3JIEKTPOH-
HBIX YCKOPHTENSX, T.€. IPU YCKOPEHUH Y CTHL, 00 1 IOUMX SAWHUYHBIM 2JIeK-
TPUYECKHM 3 PSIIOM. YCKOpEHHE U CTHILl, 00J1 I IOLIMX 3 PsIOM OOIbIIe eIMHULIbI,
B [IPUHIIMIIE JI €T BO3MOXHOCTH IOJIyYUTh DHEPIUIO YCKOPSIEMBIX U CTULL (IIPU OIU-
H KOBBIX I P METP X YCKOpHUTeNd) GONIBIIYIO, YeM DHEPIrusd IPOTOHOB, B YUCTIO P 3,
p BHOe Kp THOCTU 3 psax . T X, H mpumep, H cuHXpod 30TpoHe B HyOHeE, p c-
CYUT HHOM H TOJIydeHue MpPOTOHOB ¢ aHeprueil 10 9B, MOXHO ObUIO MOTYIHTH
aap renud c sHeprueit 20 ['vB, aap Heon (3 pan 10 e) c sueprueit 100 I'sB.
Bo3HHUK eT ecTecTBeHHBIN BOIPOC: HE MOJIYy4Y TCA JIU B Pe3ylbT T€ CTOJKHOBEHUS
C MHUIEHBIO sijiep, H NpUMep, HeoH , 00 x toumx aHeprueir 100 I'sB, myukm
BTOPUYHBIX Y CTHI, MOJIyY eMble H Yyckopurene B CeplyxoBe, p CCUNT HHOM H
sHepruio mpotoHoB 70 [9B? YTBepAnuTeIbHBINA OTBET H 3TOT BOIPOC O3H U JI OBI,
YTO C MOMOILBIO YCKOPEHUS TSXKEJbIX sijiep, o0 I omux Oosee BHICOKUM 3 psi-
JI0OM, MOXHO ObIIIO ObI CP BHUTEJIBHO JIEIIEBBIM CIIOCOOOM IOJTYYHTh IYYKU 4 CTHI]
PEKOPHO BBICOKMX DHEPIuil.

OOBIYHO H BOMPOC O BO3MOXKHOCTH Iepes 41 OOJBLION SHEPIUH COCT BHBIM
SIPOM OT/ENIbHOMY HPOTOHY OTBEY JIM OTPUIl TeJIbHO. BhyiBur Jnch coobp Xe-
HUS O «PBIXJIOCTU» SAp , O M JIOW BEPOSTHOCTU KOHIEHTP LM DHEPIUU TPYIIIbI
HYKJIOHOB H OjiHOM HykJioHe. B p Gore [1] A.M.B muuHbIM BriepBbie ObLT P C-
CMOTpeH 3T MpoOJeM W H OCHOBE H JIM3 9KCIEPHMEHT JIbHBIX 1 HHBIX BbI-
CK 3 HO TIPEAINOJIOKEHNE O CYIIECTBOB HUH SIIEPHOTO KyMYJISITUBHOTO 3(hexT ,
T.e. appeKT 0Op 30B HHUS BTOPUYHBIX U CTHIL IIPU B3 MMOICHCTBUM PEISITUBHCT-
CKMX SJIEp C Y4 CTUEM IpYMIbl HYKJIOHOB. bonee neT jbH 4 MpoOBepK CAen HHOro
BBIBOJ TPeOOB JI BDKCIHEPUMEHT JIbHOM IPOBEPKH.

TepMuH «KyMyJISILHsI» IPOUCXOAUT OT J1 TUHCKOTO cumulatio — «CKOIUIEHHEe»
wiu cumulo — «H K IUIUB 10» U JOCJIOBHO O3H Y €T YBEIMYEHUE WIH yCUIeHUe
K KOro-imub6o »¢gekT 3 Cyer CI0XEHHS WIN H KOIUIEHHS! HECKOIBKHUX OIHOPOA-
HBIX ¢ HUM 3((eKTOB.

B 1970 r. H cunxpo¢ 30tpone JIBD OUSU B [IyOHE OBLTH YCKOPEHBI MPO-
crefiiue sap — JASUTPOHBI, COCTOSLIME U3 JABYX HYKJIOHOB, O aHepruu 9 I»B.
OOBIUHO U1l U3MEPEHHUS DHEPTUHM SJIEp MCIONB3YIOT 3H YeHHEe DHEPIUM, OTHECEeH-
HOE K OJIHOMY HYKJIOHY. B 3THX eiuHuL X ®Hepruu OeHTpoHHOro nydk 9 IsB
cootBercTByeT BenunH 4,5 I®B H HyK/IOH Wi, K K 4 e nuiyt, 4,5 A TsB
(A — TOMH 9 M cc sap ).



H nunuue peiirponHoro nydk B JlyOHE 1O3BOJIWIIO BBIIOJIHUTH NEPBbIE DKCIIE-
PUMEHTHI C PEISITUBUCTCKUMH SIAP MH.

SnepHblil KyMyTATABHBIA 3(hheKT BIepBble H OO JICA TPYIIION BTOPOB IOL
pykosoncteoM B. C. Ct Bunckoro[2]. IlepBuuHblii Iy4OK YCKOPEHHBIX JAEHTPOHOB
IOM 1 JI H OJiHy U3 NOMEULIEHHBIX B K Mepe yCKOpHTels MeiaHbIX Mumenei Ti- 5

(puc. 1).
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Puc. 1. CxeM B®KCHEpUMEHT IO H OJIIONCHUIO SIEPHOTO KYMYJISITHBHOTO 3((eKT

PoxnieHHsle B H Np BJIEHUU I [ IOIIUX AEUTPOHOB MHMOHBI H JIM3UPOB JIUChH
10 UMITY/IbCYy M THUTHBIM I10JIEM YCKOPHTEII U IIOI I JIU B M THUTHBIE K H JbI K
u K2. AH nusupyromme M rHuthl Hy, Ho, H3 BMecTe ¢ M THUTHBIM 110JIEM YCKOPHU-
TeJIs OTPEAEIISUIN SHEPTHI0 BTOPUYHBIX MHOHOB. [10CKOIBKY reOMETpUst M THUTHBIX
K H JIOB (DUKCHUPOB H , P 3HbIE DHEPIUH BTOPHYHBIX MHOHOB MOXHO IOIY4YHTb,
60 MeHsisi MuleHb B K Mepe yckoputens (Tq.5), U060 M3MEHsIsi M THUTHOE
[0JIe YCKOPUTENIs, T. €. U3MEHS DHEPIUI0 YCKOPEHHbIX JeHTPOHOB.

Beul u3MepeH BeTUUUH OTHOLUEHMS JBOWHBIX Au(gepeHun JIbHbIX ceue-
HUAW I POXAECHHA MHOHOB JIEUTPOH MM M NIPOTOH MU H MEIHON MUILECHHU:

a(zg) =d?o(d+Cu—n" +...)/d*c(p+Cu—7m" +...), (1)

[Ie Tq = Py /P2 (Pr — UMIYJIBC T-ME30H , P*®* — M KCHM JIBHO BO3MOXH $1
10 KMHEM THKE BEJIMYUH MMITYJIbC T-ME30H ).

H puc. 2 npuseneHsl pe3ylibT Thl U3MEPEHUiA. BUiHO, 4TO BEIMUMH OTHOCH-
TEJILHOTO BBIXOJ IMHOHOB ¢(g) B IpeeN X OMHUOOK M3MEPEHHH HE 3 BHCHUT OT
pryment x4. Cpenmnee 3u yenwe (o) = 0,060 & 0,007.

Yro6bl OLEHUTh BKJI [ (hepMH-IBUXEHHSI HYKJIOHOB B CeYeHHe 00p 30B HU
MIOHOB, OBLIN BBIMOIHEHBI COOTBETCTBYIOIINE TEOPETUYECKUE P CUETHI BEIMUUHBI



a(x4). s 9UCIIEHHOTO P CYET KCIIOJB30B JIKCh IB B PH HT BOJIHOBBIX (DYHK-
LOU{ OEHTPOH : C OTT JIKMB IOIIMM KOpoM M 0e3 Kop . H puc.2 npuseneHs! pe-
3yJIbT ThI BEIYMCIeHHH. CIIOLIH 4 KPUB S COOTBETCTBYET BOIHOBOM (pyHKIMHU Ge3
KOp , INTPUXOB 51 — C KOpPoM. M3 pUCYHK BHIIHO, YTO P CYETH $ BEIMYUH (¢ MO
OCOJIIOTHOI BEIMYMHE NMPUMEPHO H JIB IOPSOK MEHbLIEe DKCIIEPUMEHT JIbHBIX
3H YEHHH M, KPOME TOrO, P CUETH $I KPUB s 3 BUCHUMOCTH v(Z4) CHIIBHO II [ €T
C POCTOM T4, TOTJ K K DKCHEPUMEHT JIbH § BEJIMUUH Ip KTUYECKU HE 3 BUCHUT

OT PIyMEHT .
AH M3 TIPUBEACHHBIX BBILIE BKCIEPHMEH-

T JIBHBIX [ HHBIX 110 0Op 30B HHUIO penstuBuct-  “0)F

CKVMMH JEHTPOH MM IHOHOB C DHEprueil, 3H 4u- L

TEJIPHO IPEBBIII IO DHEepruio, MpUXOILLY- E 3 i

10cd H OJMH HYKJIOH, MO3BOJIMJI BTOP M P - g §§ ?
6OTHI COEN Th CIAEAYIOIINE BBIBOMBL: 1072’

1. OTHoeHue BeIxooB pe Kuuu d+Cu —
7~ 4+...up+Cu — 7 4+ ... O0pH T KUX
DHEPrUsSX ME30HOB HE MOXKET ObITh OOBSICHEHO
(hepMu-IBIZKEHHEM HYKJIOHOB B JEHTpOHE.

2. O6H pyXeH SOepHbII KyMyJIITHBHBIN (-
(eKT M M3MepeHo cedeHHe KyMmynaTueHoro 107
oOp 30B HMSI IIMOHOB B JIEHTPOH-SIIEPHBIX B3 -
UMOJEUCTBHSX IPU BBICOKHX DHEPIUSX. ‘ ‘ LN

[Tociie mepBOro »KCHEPUMEHT JIBHOTO H - 0,6 0,8 1,0
OMIONeHNsT AHEPHOTO KyMYJISTHBHOTO 3(QexT td
H Y JIOCh €T0 CUCTEM THYecKoe m3ydenue. K H -
CTOSIILIEMY MOMEHTY H KOIUIEH OOJIbIIOi dKCIe-
PUMEHT JIBHBI M TEpH JI, U 1 JIe€ MBI P CCMO- "o SKCIICPHMEHT JTh-
TPHM TOJIbKO HEKOTOPbIC OCHOBHBIC PE3YJIBT TBL, ypre ;i pppie. LLITPHXOB 5 STHHES
TOJTY4CHHBIE NIPH UCCIICNOB HUU KYMY/STHBHOTO  cooTBETCTBYET BOIHOBOI (DyHKLIMU
3(bcl3€KT . JIEUTPOH C KOPOM (UMITYJIbC Jeii-

1.2. DxcnepumeHT JbHOe wHccienoB HHMe Tpod 10 [B/c), cruiowH s Kpu-
KyMyJsaTHBHOrO 3¢dert . KymyasaruBHeii a¢p- B 9 — 6e3 Kop
thekT MOXKeT ObITh HPOSIBIEHHEM KB PK-INIIOOH-

HBIX CTeneHel CBOOOIbI M MyIbTHKB PKOBBIX KOH(Uryp nmii B siap Xx. CymiecTso-
B HUE KyMY/IATHBHOTO SAE€pHOro 3peKT YK 3bIB €T H TO, YTO HYKJIOHBI B SIIP X
IpH OINpefeeHHbIX YCIOBHAX BeAyT cebsd MH 4e, YeM B CBOOOIHOM COCTOSHUH.
B 1980 r. A.M.b npun [3] BBesT HOBOE MOHATUE KB PK-II PTOHHOH CTPYKTYp-
HOW (pyHKLMH AP IO H JIOTUM C KB PK-II PTOHHOW CTPYKTYpHOH (pyHKuMei
IPOH . DKCIEPUMEHTBI 110 APOH-sAEPHBIM hA- 1 sapo-saepHbiM Ap Arr-B3 UMO-
AEHCTBUSIM [OK 3 JIM, 9TO KB PK-II PTOHH s CTPYKTYpH s (yukims sinp G(X) He
CBOIUTCS K COBOKYITHOCTH CTPYKTYPHBIX (DYHKLMI CBOOOOHBIX HYKJIOHOB M SIBJI-
€TCsl HOBBIM OOBEKTOM, X P KTEpHU3YIOIIUM KB PK-IJIIOOHHOE COCTOsHUE sap  [4].

Puc. 2. Cp BHeHue dKCHEpHMEH-
T JIBHBIX 3H YeHHH a(Zq) C p cUe-



Bruto cpen HO HpeAnonoXeHue, 4YTo cedeHue (pp I'MEHT LUU S9Ap MHUILIEHU

A mon meificTBUEM pENITUBUCTCKOTO IpOH h ¢ oOp 30B HHEM HHKIIIO3MBHOIO
IpoH 1 B mpouecce

h+A—1+4... 2)

MponopuruoH JIbHO MMIIYJIbCHOMY p CIIPEACJIEHUIO KB PKOB B 41p X:
oh+A—1+..)~G(X). 3)

IepemenH 5 X, H 3bIB €M 5 KyMYJIATHBHBIM YHCIIOM [5], UIMEET CMBICI YHCIT
HYKJIOHOB, Y4 CTBYIOIIUX BO B3 UMOJEHMCTBUM U, B NPHUHLUIE, MOXET JEeX Tb B
unreps je 0 < X < A.

Hcxons 13 3 KOHOB COXp HEHMSI HEPTHU U TPEXMEPHOTO MMITYJIBC IS TIPO-
necc (2), MOXHO H IIUC Thb CJEAYIOLIME COOTHOLLEHUS:

E,+FEar=FE + Eocm €]
ph :pl +poc'[‘7 (5)

e By, Ea, Eoey — ®HEPIUU, Py, P1s Poey — TPEXMEPHBIE UMITYJIBCBHL H JIET 10-
Iero JApoH h, sAp MuUIIeHH A U TPYNIbl OCT JIbHBIX Y CTHI[ COOTBETCTBEHHO.
Il mpoCTOTHI MBI IIOK TIOJ T €M, 4TO B mpouecce (2) poxa ercd 4 cruy 1,
He 00 I oIl S KB HTOBBIM YHCJIIOM, KOTOPOE€ HE COHEpPX T MCXOAHbIE OOBEKTHI
pe Kuuu. B mpoTHBHOM cilyd € H IO BBOIUTh B P CCMOTPEHHE TOMOIHHUTEIIBHYIO
Y CTHIL 2 C IPOTUBOIOJIOXHBIM I10 3H Ky KB HTOBBIM YHCIIOM. DTO OyZeT cliesl HO
HIKE NpU GoJiee MOJIHOM P CCMOTPEHUH B3 MMOIEUCTBUS JIBYX sijiep.

Hmes B BUmy, YTO NPH BBICOKHX BHEPrUsiX Ej ~ pp, MOXHO 3 IHC Tb BBIP -
keHue (4) B clielylolieM BUIE:

ph+ Xmo = (02 +mH)V2 + (P2, + Xmd)V2. (6)
W3 BoIp keHud (5) MOXHO MOTYYUTH
Pacr = Ph + P1 — 2pnp1 cos O, (7)

e 01 — yron BbUIET Y CTHLbI 1 110 OTHOIIEHUIO K H IIP BJIEHMIO I JI IOIIEro
IpoH h.

[oncT BUB ®TO BBIP XeHHe I P2, B (6) U NpoM3Bens HEoOXOMMMBIE TIpe-
0o0p 30B HUS, IIOJly4UM BBIP XE€HUE [UI1 KyMYISTUBHOIO YMCI B pe Kuuu (2):

X = (Ey — p1cos Oy — m§/2ph)/[m0(1 — E1/pp)]. (%)

B Gonee obmeM ciayd e, KOTA CT JIKUB IOTCS IB  PESITUBUCTCKHX SIP , KY-
MYJIITUBHOCTb MOXET IpOSBIAThCA B O0OMX SIp X. 3 IHIIEM MPOLECC B3 UMO-
JEUCTBUS IBYX dA€p B CJAEIYIOLIeM BUJE:

T4+ —14+2+... 9)



I u Il — cr nkuB romwmecd sap , 1, 2, ... — BTOpUYHbBIE Y CTHUIIBI, 00Op 3yr0-
LIMecs B pe3yJIbT T€ CTOJKHOBEHMd diep. bynem, K K U Ipexie, UHTEPecOB ThCs
POXJIEHUEM Y CTULBI 1.

Jns sToro nmpouecc  (puc. 3) MOXHO 3 IH-

C Th 3 KOH COXp HEHHS YETHIPEXMEPHOTO HM- Pr=mo Pr=mony
MyJIbC , BBUIENSAS KYMYJISATHBHYIO Y CTHIy |

U TpeHeOper S OTHOCHTENIbHBIM JBHXCHUEM

OCT JIBHBIX Y CTUI (THIIOT€3 MHHUM JIBHOM

M CCBI):

(X1P + XutPu — P)? =
- (XImO + XHmO + m2)2’ (10) Py = muy

e Pr u P — YeTsipexMepHbIe UMITYJIbChI B3 -

UMOJCUCTBYIOIIUX ep H HYKJIOH, P, — 4ye- Puc. 3. Cxem B3 uMopeiicTus
THIPEXMEPHBIA HMITYJIbC POXAEHHOH 4 ctumpl, amp I ¢ aapom IL. P u Pip — de-
Mo — M CC HYKJIOH , Mg — M CC JIOIOJI- TBIPEXMEPHBIE UMITYJIBCBI AP I u

HUTENBHOM 4 CTULBI, oOecrieuuB e coxp - AP Il 1 myxion, mo — M cc

HeHHe KB HTOBBIX uucel (6 puoHHOro ymcni , HYKIOH, P — HCTBIPEXMEPHbI
UMITYJIbC KYMVYJIITUBHOU 49 CTHLBI C
CTp HHOCTH U Jp.). s HTUY CTUL U HTH- ¥ . yMy. 1
M CCOii M

aiIep mo = My, U U CTHUL], KOTOPbIe POXA -
10TCs 6e3 COMPOBOX/ IOIIUX UX HTUY CTHUIL (77-
ME30HBI, CTPYM U T.IL.), Mo = 0.

Hon r g B (10) Xy1 = 1, monmyd em

XI = [(PHPl)-l-momg-l-(mg—m%)/Q]/[(PIPH)—m%—(PIPl)—momg}. (11)

g cnyd 1 me = 0 u3 (11) nerko nonyuuts Belp xeHue (8).

I'pymn B.C.CT BHHCKOTO BBITOJTHWI TOAPOOHBIC HCCIIE0B HUS WHKITIO3UB-
HOTO POXJIE€HHS ME30HOB B 3 JHIOI Ioyycthepy NpU CTOJIKHOBEHUU IPOTOHOB C
umnyiascoM 8,9 I'aB/c ¢ p 37IUYHBIMU SOp MU OT rejidsi 10 yp H H CHHXPOQ 30-
tpone B [dyOHe [6]. Pe3ynbT Thl U3MEpeHUI MOK 3 JIM, YTO CEYEHHs B3 UMOJEH-
CTBUS SIIEP MOXHO MPEJACT BUTH CJACAYIOIIMM 00p 30M:

o(Ar+An — 1+...) = const ATG(X). (12)

B »THX m3MepeHusx ObLIM YCT HOBJICHBI B XHble CBOICTB (pyHkumun G(X),
H 3BIB €MOM 4epHOI CTPYKTypHOU ¢pyHKuMeld. Bennmunn nepemenHoit X usme-
ugercs B npegen X 0 < X < A (KyMyasSTUBHbINA 9(pdPeKT COOTBETCTBYET 00 CTH
X >1).

P ccMOTpUM HEKOTOpBIE CBOMCTB CTPYKTypHO# (yHKumu G(X).

B 06 ctu 0,6 < X < 3,5 pysxuus G(X) umeer yHUBEPC JIbHBIE CBOICTB
IUTSL p 3MIAYHBIX SAEP U MOXeT OBITh TMIPOKCUMHPOB H (popMyInoil (puc.4):

G(X) = A™X) exp (- X/(X)). (13)



IT p merp (X) He 3 BUCHT B mperell X OMIMOOK M3MEPEHHs] OT KB HTOBBIX
ymcen KyMyIsSTHBHBIX 4 cTull U p BeH 0,14 ¢ Tounoctsio 10 %. Ilo cBoemy ¢msu-
yeckoMy cMbicity (X )1 X p KTepusyeT p 3Mepbl MyJIbTHKB PKOBOIl CHCTEMBI, U3
KOTOPOI{ BBUIET 0T KyMY/ISTUBHBIE U CTHIIBIL.
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10 ..':~ s —Tx ptA-=>m+..
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%k [ o JE— K+
102} [ _ 10 F +
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% sk
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[n]
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¢"III $ 1) P Q,Q,?,,,9,,¢L,,, .
-6 -
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108 - . o— Zpb 4 Omb
+ Oal op
1 L 1 * L 1 L
1 2 3 X 1 2 3 X
Puc. 4. 3 Bucumocts G(X) mia mpo- Puc. 5. 3 BHCHMOCTb OTHOLUECHHS Ceve-
uecc poxugenus m' -, 7 -, KT- HHI POXIEHUS IMOHOB H SIAP X CBHHIIL
K™ -me3oH0B B 3 AHIOI0 1onycgepy (Pb), neittepud (D) u momunusg (Al) ot
O[] AEHCTBHEM IIPOTOHOB C MMILYJIbCOM KyMYJISATHBHOTO uncn X
8,9 [3B/c H CBUHLOBON MUIIEHH OT KY-
MYJISITHBHOTO 4ucn X
ITox 3 Tenp ®KCIIOHEHTHL
m(X)=2/34+X/3 nmpu 06 <X <1, (14)
m(X)=1 mpu X > 1. (15)

T xum 00p 30M, 3 BUCHMOCTH CEYEHHi OT TOMHOTrO Homep siup Ajpp MeHs-
ercs ¢ poctom X ot o6branoit (~ AZ*) 1o Al 3 Bucumocts Tun o ~ Al oxu-
I J1 Cb H OCHOBE TMIIOTE3bI O JIOK JIBHOM U P BHOMEPHOM II0 BCeMy 0ObeMy siap
B3 MMOJIEHCTBUM U1l KyMy/IaTUBHOW 061 cth X > 1. B 06m et 0,6 < X < 1



u3 (13) u (14) MOXHO NOJYYUTh OTHOILIEHHE CTPYKTYPHBIX (DYHKLUI (cedeHuil),
HOPMHUPOB HHBIX H A;:

U(AIAH — 1 + .. .)/AH -~ <ﬂ>(z_l)/3
o(ArAm — 1+ ...)/Am Amr ’

N3 (16) BugHO, yto monst kB pkoB ¢ X = 0,6 =+ 1,0 H HYKJIOH B TSXEJIOM
supe (Apr > Ajrr) MEHbIIE, YeM B JIETKOM.

Drot addexT Buepsbie H 6miox sca B onbT X B.C. Ct BuHCKOrO [7]. BbIN
n3ydyeH X-3 BUCHMOCTb CEUCHUS POXACHUS MMOHOB (H HYKJIOH) H SIAP X CBUHIL ,
peitepust U somuHus (puc. 5). H iigeno, uro do(Pb)/do(A) < 1 mpu X < 1
B COOTBETCTBMU C OOCYXKIEHHOH BbIlIE 3 BUCUMOCTBIO IOK 3 Tenst m or X. B
065 ctu X > 1 oTHOLIEHHEe CTPYKTYpHOW (DYHKLMH SAEp CBUHI K CTPYKTYpPHOIA
(yHKIMM JEUTPOH MHOro GoJblIe eqUHHULBI. DTO NPOUCXOOHUT O Tox ps TOMY
¢ KTy, YTO B HEHWTpOHE HET KB PKOBBIX
KOH(uryp muii Oojiee 4YeM JBYX HYKJIO-
HOB. OTHOIIEHHE CEeYeHUI H HYKIJIOH It
Sjiep CBUHII M JIIOMHHUS NPUOIM3UTEIBHO
p BHO egunune mit X > 1. Dror addekr
OBUI T KXe IMOATBEPXIEH U B IITyOOKOHe-
ynpyrux pA-B3 umogeicteuax npu E, <
280 I'sB ¢ ucnonp30B HUEM AEHTEpHEBOl U
xene3Hoit mumeneir B CERN Eponeiickoit
MIOOHHO# Kosu1 6op 1ueir EMC [8].

H puc. 6 npuBeneHs! 9KCIIEPUMEHT JIb-
HBIE JI HHBIE 110 OTHOLIEHHIO CTPYKTYPHBIX
tpyHKLMIA U1 p 3HBIX U cTHL. [| HHblE NpU
X > 1 nonydeHsl U3 KyMYJSTHUBHOIO PO-
xnenus [6], 1 muple npu X < 1 — [9]. 0,1

Bumner cnegyromyie 3 KOHOMEPHOCTH . . :
19 KyMYJIATHBHBIX TIPOLIECCOB.

1. Bce oTHOIIEHNS CTPYKTYPHBIX (PYHK-
LII/IIEI npu X > 1 cTpemdarcs K HOCTO;IH: CTpyKTYpHBIX yHKIHA ¢ 06D 30B -
HOM BEJMYMHE, OTKYIL CHEIYeT, YTO B OTOH  yyev b sjpqmpix BTOPHUHBIX § CTHIL
00 CTH BCE CTPYKTYPHBIC (DYHKLIMM MMEIOT  jnq cpefiux M TAXE/bIX SIEP B 3 BU-
OJIUH KOBYIO 3 BUCHMOCTb OT X. CHUMOCTH OT KyMYJIATHUBHOTO yucn X

2. OrHomIeHNEe CTPYKTYPHBIX (PYHKIHI
Juis nipoueccoB ¢ yd4 ctueM K- u wt-mesonos (K /%) npu X > 1 Gnusko
K €IMHUIIE, YTO MOXHO OBbUIO OXMI Th, T K K K B K T- u mF-Me30H X umerorcs
OIUH KOBBIE B JIGHTHble KB PKU (U-KB PKH), KOTOpBIE BXOIIT T KX€ B COCT B
HYKJIOHOB CT JIKMB IOIINXCS SIZIEp.

3. OTHOIEHNE CTPYKTYPHBIX (DYHKIMIA IS TIPOLECCOB ¢ y4 cTHeM K- u
K~ -me3on0B (KT /K ™) p BHO puMepHO 30, 4TO MOXHO TIOHATh K K CJIEICTBHE

R= (16)

1000

100

OTHOLICHHE CTPYKTYPHBIX ()YHKIIHIA
S

Puc. 6. OrHolleHue KB pK-II PTOHHBIX



OTCYTCTBUSL B COCT Be K ~-ME30H B JIGHTHBIX KB PKOB, BXOJJLIUX B HCXOJHBIE
aap . DToT 3(pheKT MHOT H 3bIB IOT MOA BJICHHEM MOPCKHX KB PKOB.

DKCIEpUMEHT JIbHBIE I HHBIE [10 CEYCHUSIM POKICHUS MTHOHOB TS P 3IWYHBIX
yrioB ucnyck Hug [10, 11] no3Bonuiau U3yduTh 3 BUCUMOCTb CEYEHUS KYMYJISITUB-
HOTO POXIEHHs OT KB AP T IONEPEYHOro MMIyIbe pa(f). H iimenn s 3 Bucu-
MOCTb OK 3 JI Cb JIOBOJIBHO €11 0Oif, 4TO YK 3bIB €T H () KTOPH3 LIMIO CEYEHHIl 1O
nepeMeHHsM X U pr :

o(Ar + Ap — 1+ ...) = const ATG(X)o(p%), (17)

e
o(p7) =09 exp (—2,7p7) +0,1. (18)

1.3. P ccMoTpeHMe MHOXKeCTBEHHBIX MPOLIECCOB B MPOCTP HCTBE YeTbIpex-
MepHBIX cKopocTteil. COBpeMEHHOE OIUC HUE MHOXECTBEHHOIO POXAEHHS U CTHUIL
OCHOB HO H MHKJIIO3UBHOM NoAXO0HE, p 3BUTOM A.A.JIOIYHOBBIM C COTPYIOHH-
K mu [84].

A.M.b nuuH npemtoXun M3yd Th CTOJKHOBEHHMSI PENISITUBHCTCKUX SIep B
IIPOCTP HCTBE YEThIpEXMepHbIX cKopocTeill [12]. B aToM mopxone oH BBeN UHB -
pu HTHbIE, 6e3p 3MepHbIE U U3MEPUMBIE IIepEMEHHBIE b;);, SBISIONIMECT KB JIp TOM
P 3HOCTH YeTBIPEXMEPHBIX CKOPOCTEH MEXKy JTIOOBIMU 4 CTHLl MH, Y4 CTBYIOLIMMHU
BO B3 MUMOJIEHCTBUU:

bik = —(u; — ug)?, (19)

Iie u; U up — 4YeTbIpeXMepHble CKOPOCTU YU CTHULL.

C nmoMomipio 3TOH MEpeMEHHON OK 3 JIOCh BO3MOXHBIM [l Th YIOOHYIO U H -
DISOHYI0 KJI CCH(DUK U0 SOSpHBIX B3 mMoaencTsuil [13]:

1) 061 ctb b;, ~ 1072 COOTBETCTBYET B3 UMONEHCTBUIO Sfiep K K CUCTEM U3
¢l 60CBSI3 HHBIX HYKJIOHOB. DTO 00J1 CTh KJI CCHYECKOM SAepHOU (DU3HMKH.

2) 061 crb 0,1 < by, < 1 gBisieTcs MpoMexyTouHOH. B aToii 061 cTH KB p-
KOBBIE CTEIeHH CBOOOABI H YHMH IOT UIP Th CYILIECTBEHHYIO pPOJIb B IEpecTpoiKe

JPOHHBIX CUCTEM.

3) B 061 ¢t b, > 1 HYKJIOHBI yTp YMB IOT 3H YEHHE KB 3WY CTHL SICPHOU
M TEpUHU U SAp CIIELYeT P CCM TPUB Tb K K KB PK-ITIIOOHHBIE CUCTEMBI.

@u3nyeckuil cMbICI KpUTepus 3 COCTOUT B CIEAYIOIIEM: MpPU JOCT TOYHO
OONBIINX OTHOCHTENBHBIX YETBIPEXMEPHBIX CKOPOCTSX B3 UMOACHCTBHE MEXIY
KB DK MH, BXOIAIIMMH B OOBEKT ¢, U KB PK MH, BXOIOAIIUMH B OOBEKT K, Cy-
IIECTBEHHO Oc/ OeB eT. B CBfI3M ¢ 3THM MOSBISETCS BO3MOXHOCTb HCIIONB30B Th
B 9TOH 00JI CTH TEOPUIO BO3MYILEHHH.

Bpulo MOK 3 HO, YTO CHUMIITOTUYECKMH peXuM (IeKOH( HHMEHT) H 4YMH eT
NIPOSIBISATBCSL YK€ TpH b;;; > 5, 4TO COOTBETCTBYET DHEPIHM H JIET IOLIETO Sep-
HOTO MMYYK H HENoABMXHYI0 MulteHb 3,5 A ['9B. DT0 03H 4 €T, 4TO MpOosIBIeHHs
KB PK-IJIIOOHHOM CTPYKTYpBI siep MOXHO OBLIO M3y4 Th IPH DHEPTHU CHHXPOd -
30TpoH B JyOHe, KOTOpBIH 005 1 1 dHepruei sinep 4,5 A IsB.
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OCHOBHOII CMbICTT MIepexXoA K MPOCTP HCTBY YETBIPEXMEPHBIX CKOPOCTEH co-

CTOMT B TOM, YTO B IIEPEMEHHBIX b;;; MOXHO C(POPMYJIUPOB Th ZOCT TOYHO OOLIHE

CHUMITOTHYECKUE 3 KOHOMEPHOCTH, KOTOPBIE YIIP BIIIOT MHOXECTBEHHBIMU IIPO-
LEeCC MHU.

B mpoctp HCTBe uyeThipexMepHbIX cKopocteil A.M.b yuHbIM ObLT BBeleH
npuHUUI oclt OneHus Koppessiumil. [Ipunnmn ocn 6nenus xoppensimid (ITOK)
Buepsele Obu1 mpetoxeH H. H. Boromo6oseiM [85] B cr THCTHYecKOW (hH3MKe
K K YHUBEPC JIBHOE CBOMCTBO P CIIpEIETIEHUI BEPOATHOCTH IIOJIOXEHHS Y CTHIL
B OOBIYHOM NIpOCTp HCTBe-BpeMenu (r, ¢). IIpUHIMI OCHOB H H HMHTYUTHBHOM
HPEACT BIEHUM O TOM, YTO KOPpENdLMs MEXAy IIPOCTP HCTBEHHO OTJA JIEHHBIMU
Y CTIMU M KPOCKOIIMYECKOU CHUCTEMBI IIp KTUUECKU MCYE3 €T U BbIP XEHUE, X -
p KTepusylolliee cucTeMy 4 cTull, p cii a1 erca H MHoxwurenu. ITOK, npennoxen-
HbIil A. M. B nausbIM, (hOpMYTHpYETCs B IPOCTP HCTBE OTHOCHTENBHBIX YEThIPEX-
MepHBIX cKopocTeil. B cmwiy momomnutensHocTH 75 U b, IIOK A.M.B mxoun
npsamo nporusononoxeH [IOK H. H. Boromo6os . ITocnexnuii BeimonHsIeTcs npu
|r; —ri|? — 0o, TIOK A.M.B maun — 1ipu |r; —r%|? — 0, 4TO COOTBETCTBYET

CHMIITOTHYECKON CBOOOJE KB PKOB H M JIBIX P CCTOSHUSIX.

T kum 00p 30M, €CJIM eCTh IPYNIl Y CTHL < M IPynn 4 cTHU 3 B IPOCTP H-
CTBE YETBIPEXMEPHBIX CKOPOCTEH, TO NPU Y[ JIEHHMU 3TUX TPYMII APYr OT JAPYT ,
T.€. IpU bog — 00, p cupenenenue W, X p Krepusyloliee CUCTEMY, UMEET BUJ

W (bap — 00) = Wo W, (20)

rie W, nu Wz — p cripefiefienusi, X p KTepH3yloLIUe cCUCTeMbl o U 3.
IpemenpH 9 ¢p IMEHT LU 9Aep MPEaCT BIsIeT cOOOM U CTHBIN CITyd U IpUH-
it npu o = I u = II. Ceuenue oOp 30B HUSI ME30HOB

d?c /dbidX 1 — FYF™ (b, X1). (21)

W3 (21) BUIHO, YTO B p CIIPEAENICHUH BBIAENSIETCS MHOXHTENb, HE 3 BHUCSILIHIMA
OT H Y JbHOro cocrosHusd. OTCIOR , B 4 CTHOCTH, CIIEQyeT, YTO IS M3y4EHHs
uHB pu HTHBIX ynkumit F1(brrp, X1) HeT HeOOXOAMMOCTH YCKOPSATH P .

K kK mok 3 1 GomblIl 5 cepusi dKCIEPUMEHTOB, NpenesibH S (Pp IMEHT LU
anep pe Jausyercs yxe Tpu by, > 5. Yuusepc nbH g BemuunmH  FU (b, Xp)
B (21) B coorBerctBuM ¢ IIOK mnp KTHuecku He 3 BUCHUT OT CBOICTB SOp WU
4 cruusl L

IIOK mno3Bosiger BBECTH IMOHSATHE W30MMPOB HHOHM cucremel. Ilycrs V, —
CpenHss TOYK CHUCTEMBl (TpYIIIbl) 4 CTUL, U; — YETBIPEXMEPH s CKOPOCTh %-U
4 CTHLbI, BXOJALIEH B CUCTEMY, Uj — YETBIPEXMEpH 51 CKOPOCTb k-if U CTHIIbI,
HE OTHOCAILENCA K CUCTEME.

H 30BeMm cucreMy M301IHMPOB HHOM, ecnu by; WIA BCEX Y CTHI, BXOMIIIINX B
CHCTEMY, MHOTO MEHBIIE Dq) JUIS BCEX HE OTHOCSIIMXCS K CHCTEME 4 CTHIL:

bak > bai < 1. (22)
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Corn cuo IIOK, B3 uMozeiicTBHe U KOPpENSUMU 4 CTUL, BXOMSIIUX B CH-
CTeMY, C 4 CTHIl MU, He BXOIJLIMMU B CUCTEMY, IpeHeOpekKUMO M Jibl. BBeneHHbIe
soime ynkmn F® u FP u, B a4 craocrn, F' u F™ onuceB 10T H30MMPOB HHBIE
cHCTeMBl. B XHBIM NPHUMEPOM H30JMPOB HHBIX CHCTEM SBIFIOTCS CTPYH.

B omuceiB eMoM Nojxozie CTpys p CCM TpUB €Tcs K K rpynn (K1 ctep) Ipo-
HOB C M JIBIMA OTHOCHUTEJIbHBIMU YETHIPEXMEPHBIMH CKOPOCTSIMH b;j.

Ocbl0 CTpyd MBI NPEWI I' €M H 3B Tb €IMHUYHBIA YETHIPEXMEPHBIH BEKTOP

V(Vo,V): z

V= —— (23)
()

Vi-V2=1. (24)

CymMMupOB HME B (23) Be#EeTCs 1O BCEM Y CTULl M, OTHOCSILIMMCS K BBIIEIIEH-
HOM rpymne 4 cTul (KJI CTepy).
OnpenenuM 4eTHIPEXMEPHYI0 CKOPOCTb U CTHULBI OTHOCUTEIBHO OCU CTPYH:

ITo onpenenenuro

b = —(V —uy)?. (25)

Ompenenerre ocu ctpyu (24) monyd ercst u3 TpeOOB HHs MUHHM JIBHOTO 3H -
YeHHsl CYMMBI min Y by, TS 4 CTULL CTPYH ¥ yciosust (25). P cropeneneHue ¢ Mux
k

CprI7I IO OTHOIIEHUIO K OCH p€ KOHH MOXHO HUCCJIENOB Tb IO IEPEMEHHBIM:

bstr = (V — um)?,

26
bSI = (V - UI)2. ( )

T KuM 00p 30M, B 9TOM ONPEE/ICHHH JPOHHBIX CTPYii HE HCIIONb3YIOTCS BbI-
JIeTIeHHbIE CHCTEMBI KOOPIMH T, NPOAOJIbHBIE GBICTPOTDI, MONEPEYHbIE UMITYIbChI
u 1.1. CTpyH ONpejeNeHbl OJTHOCTHIO PENSITHBUCTCKUA-MHB DM HTHBIM CIIOCOGOM
0e3 NpUBJICYEHUs T KUX MOHATHIA, K K «C(EPUCUTH» HIIH «TpP CT».

B ommmune o1 0GBIMHOIO TPEXMEPHOTO OMUC HUsl CTPYid B I HHOM OIMC HHUH
CTPYH SIBIISIIOTCS YETHIPEXMEPHBIMH OOBEKT MM, H JIOTWYHBIMA apoH M. Cyrue-
CTBEHHOE OTIIMYKME JIPOHOB OT CTPYH COCTOMT B TOM, 4TO JUI CTPYil CpemHHe
BEJIMYMHBI OTHOCHUTEIbHBIX YETHIPEXMEPHBIX CKOPOCTEN 4 CTHI[ B CTpye COCT -
Bistior (b)) ~ 1, JUId OPOHOB U SIEP, P CCM TPUB €MBbIX K K KB PK-IIIOOHHbIE
KJI CTephl, Crp BemmuBo coorHomenue (by) < 1.

Crpysl 4eTKO BBIIEJISIETCS. TOIBKO B TOM CIIyd €, €CJIM €€ CKOPOCTh 110 OTHO-
LIEHHIO K CT JIKUB IOLIMMCS Y CTULl M bgp U bgrr YAOBIETBOPSIET YCIOBHUIO:

bSI > <bk>7

27
bsit > (bi). @7
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Ipu b;; — 00 H CTYIl IOT CHUMIITOTMYECKUE PEXUMBI, X P KTEPH3YIOLIHECH
yObIB HHeM P crpesesieHuil BepositHocti (cedennit) o (b, by brrs,bik, - ..) ¢ po-
cToM b, u p 3nenenueM (¢ KTopHu3 LMeH) 0 H MHOXHTENIH, OTHOCAIIMECS K
p 3nuuHbIM Ipynil M (K ctep M) BropuuHbix 4 ctull (IIOK). CymectBoB Hue

CUMITOTHYECKUX pexuMoB U crp BemuBocTs IIOK nns cedenuii o gpnsgercs
CIIEAICTBUEM CYILECTBOB HUS X P KTEPHOH KOPPEISALMOHHOHN JUIMHBI B IPOCTP H-
CTBE OTHOCHTENBHBIX UETBIPEXMEPHBIX CKOpocTeii b ~ 1 <+ 2, KOTOp 5 COOTBeT-
cTByeT M cmT Oy KB PKOBBIX SBIEHHHA. B TO ke Bpems B MpPOCTP HCTBE YEThHI-
PEXMEpHBIX CKOPOCTEH, K K OTMEY JIOCh P Hee, JOJLKH CYIIECTBOB Th KOPPEJs-
uvond s amuH  bY ~ 0,01, X p KTepusyoil s M cIIT 6 HyKJIOHHBIX (SI€pPHBIX)
apienuit. T kuM 06p 30M, npu by, >> bY dyukuus o gomkn o061 o T cuMm-
HNTOTHYECKUMU CBOMCTB MH. ACUMITOTHYECKUI peXUM B MOBEAECHUH (PYHKIUU O
M0 H JIOTUH C MEX HUKOH CIUIOIIHBIX CPEX MOXHO P CCM TPHUB Th K K IpOSIBIIE-
HHE BTOMOJEIBHOCTH P CHpEAEIeHH 0. ABTOMOJEIBHOCTh PEIICHUN MeX HHUKH
CIUIOIIHBIX CPEeJl O3H Y €T YMEHBIIEHHE YHCI  PryMEHTOB HcCleqyeMoil (hyHK-
LMK 3 CYET CYIIECTBEHHOCTH TOJIbKO HEKOTOPBIX KOMOMH LIMii HE3 BUCHUMBIX Iie-
pPEMEHHbIX. DTH KOMOMH IIMM H 3bIB I0TCS I p MeTp MM nopobus. Pukcupys
I p MeTpbl NofoOus, HETPYAHO YOSOUThCS, YTO NPH U3MEHEHHM IPYIUX pPryMeH-
TOB pELICHHE OCT eTCS HEeH3MEHHBIM, MOJOOHBIM C MOMY cebe ( BTOMOJEbHbIM).
YMeHbIlIeHne 4YUCI ~ PryMEHTOB OOBIMHO CBS3 HO C CYIIECTBOB HHMEM y 3 Il UM
IPYIIbl CUMMETpUH. B 2TOM ciyd e m p MeTp MH 1ogoOus SBISIOTCS MHB pH-

HTBI rpymiisl. Y CTHBIM, HO H HOOJee YCIEIHO NPUMEHSIEMbIM METOIOM H XO-
KIEHUS BTOMOJIEJIBHBIX PELIEHUI CIIyKUT P 3MEPHBI H JIM3, OCHOBOH KOTOPOIrO
ABIsieTCS TPEOOB HHE, YTOOBI PEIIeHHe 3 BHCETIO0 TOJIBKO OT 6e3p 3MEpHBIX KOM-
OMH 1Wif, M”HB PH HTHBIX IO OTHOLICHHUIO K BBIOOPY €IMHUI] U3MEPEHHs BEINYMH,
o0J1 [ I0IIMX He3 BUCHMOW P 3MEPHOCTHIO.

B mpocTp HCTBE YeTHIpEXMEPHBIX OTHOCHUTENIBHBIX CKOPOCTEH ¢ ¢ MOIO H -
9 JI MMEIOT JeN10 ¢ 6e3p 3MEpHbIMH PEIATUBUCTCKU-UHB PH HTHBIMHU BEJIMYUH MU
bik, 1 TIpH (POPMYITHPOBKE MPUHLIMIT ~ BTOMOJAEIBHOCTH MCXOMAT HE U3 cO00p Xe-
HUHA p 3MEPHOCTH, W3 yCJIOBHS CYIIECTBOB HUSl CHMIITOTHYECKOTO Mpefen ce-
YEeHU NPU CTPEMJIEHHN HEKOTOPBIX b;, — 00. BeckoHeYHOCTh crielyeT MOHUM Th
K K «(pU3M4ecKyl0 6ECKOHEUHOCTb», T. €. K K BEJIMYUHY, [103BOJISIOIIYIO IIPOBECTH
p 3noxenue (yHKImU 110 crenedsm 1/b;,. Tem ¢ MbiM KOd(PUIHEHTHI P 3710-
KEHUs OK 3bIB I0TCS BTOMOJEJIbHBIMH 110 3TOW IepeMeHHOH. T Kue CBOWCTB pe-
LIEHWH WHOTH H 3bIB I0T BTOMOJEIBHOCTBIO BTOPOIO POX , COOTBETCTBYIOIINE
3 BHCHUMOCTH H 3bIB I0TCSl NTPOMEXYTOUHBIMH CHMNTOTHK MH. MHBIMH CIIOB MH,
ceyeHHe IMpolecc B MPOCTP HCTBE OTHOCHUTENIBHBIX YETHIPEXMEPHBIX CKOPOCTEl
b;;; MOXHO TIpelCT BUTH B BHE (DYHKLMH CIIEIYIOIIUX ITePEMEHHBIX:

1 by
O'(baﬁ, boﬂ, bﬁz, ceey bzk, .. ) m Wam (boﬂ, @, . > . (28)

I1 P METp M H XOAUTCHA U3 IKCIICPUMEHT WJIH IPEACK 3bIB €TCA Teopneﬁ. T xum
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00p 30M, M CIIT OH S UHB PU HTHOCTb SIBJIICTCS Y CTHBIM CIIyd €M BTOMOJIENb-
HOCTH BTOpPOro pon . POpMyIHpOBK MPHHIUI  BTOMOAEIBHOCTH W HPUHIIMIT

ocyt GJieHUsI KOPPENSILUE TT03BOJISIET MPEIIOXKUTh OOLIYI0 T P METpU3 LHUI0 ceve-
HUI MHOXECTBEHHBIX IIPOIIECCOB B IPOCTP HCTBE OTHOCHUTEBHBIX YETHIPEXMEPHBIX
CKOpPOCTEii:

U(baﬂa b(x’ia b,@u bak7 bﬂk‘? . ) —

bapg—00

1 bgi ) ( baki )
oo bas, 22 ) op (b, 22 ) (29)
(bap)™ ( bap PP bag

H puc.7 nok 3 Hel p crnpexpeneHus UN- dNIdb
7T -ME30HOB O BEIWYUHE by, OIpenense- ok DparMenTaIIS MHICHH
MO BBIp XeHHeM (25), HOpMUPOB HHBIE 110 -;ﬁ‘ e T p, 40 THB/c
WO ¥ H eiuHuly, g 1 p-, © C- 1 | Bk - o n°C, 40 F3B/f
Pp-B3 UMOIEUCTBUIA B 001 CTIX Pp IMEHT - : % :;z 5(2)’541"133BB//LC
UM My4yK W MUIIEHH. PHCYHOK yK 3bIB €T B
H YyHHBEpC JIBHBI X p KTep p cmpenese-
HUHA 7~ -ME30HOB B CTpPYIX HO bk, ¢opm
KOTOPBIX B INMPOKMX Ipeiesl X He 3 BUCHT I g
OT DHEPTUM M THIl B3 MMOJEHCTBUS. R &

T xum 00p 30M, H JH3 p crpeele- 10 é{
HUH 7~ -ME30HOB [0 BEJIMYHMHE bj B CTPYSIX
MOK 3bIB €T 3 MEY TEJIbHYI0 YHHMBEDC JIb-
HOCTb 3TUX P CHPEIEIEHH, He 3 BHUCSILYIO
HHU OT ®HEpPruu B3 MMOJeicTBUS B 001 CTH - ﬁ

%

- f&b DparMeHTaIus myJKa
o n~C,40 B/
£

T

(bpy=4

or 22,4 no 205 I'sB, Hu ot tun ¢p r-
MeHTHUpYWIIEl cucremsl (p, m, p, C, ...). 107
Cpennee 31 uenue (b;) ~ 4 X p Krepusyer
KB JIp T CPENHEN YETBIPEXMEPHOM CKOPOCTH
7 -ME30HOB OTHOCHUTEJIBHO OCHU CTPYH IpH

qu T'MEHT IUU P 3JIMYHBIX KB PKOBBIX 005b-

CKTOB. Puc. 7. P cnpenenenust m~ -Me30HOB 110
B KHBIH pe3yabT T COBMECTHOTO H -  penpuune by, B CTpysX, 0Op 3ylOLIMXCS

JIA3  CBOWCTB JPOHHBIX CTPY B JPOH- B 061 cTu (bp IMEHT LMM MydK M MH-
JPOHHBIX M  JOPOH-SNEPHBIX CTOJKHOBE- IIEHW, IS P 3JIMYHBIX THIOB B3 HMO-
HUSX OPEJCT BICH H pHC. 8, [Ie MOXHO BH-  ACUCTBUi

JEThb CpelHee 3H YEHUE KB P T YETbIPEX-

MEpHOI CKOPOCTH OTPHI[ TEJIbHBIX MUOHOB (b) OTHOCHTEIBHO OCH CTpYii, 06D -
3YIOLIUXCS B P 3JIMYHBIX IIPOLECC X B 3 BUCHUMOCTU OT ®HEPIHM B CUCTEME LIEHTP
M cc B3 umozeiicteus E. C yBennmyeHHeM ®HEPTHH P 3MEpHI CTPYH p CTYT U IpH
E > 10TIsB np xtuuecku He 3 BUCAT OT aHepruu. IlonydeHHble pe3ynbT Thl O3H -

T T

(=}
—_
(=}
[
S
S
=
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Y 10T, YTO JPOHU3 I[Md LBETHBIX II PTOHOB P KTUYECKU HE 3 BUCUT OT IUH MHUKHU
ux oOp 30B HUS U ompexesieTcs: ux B3 umoneiicrsueM ¢ KXJII-B Kyymom.
Hcnonpzos Hue A.M.b nguHbIM NpUHLIK-

OB CUMMETPUH IO3BOIMIIO €My BBECTH I P - <’;’f>
Metp nogobust II st siepHbIX B3 UMOAEHCTBHI
[14, 15]: St
s
A
I = min {1/2[(ws Ny + unrNir)21M/%}, (30) 4T )i‘
3k A&
rie N1 u Nip — KyMYJSTUBHBIE YUCT U SiIEp
I ull, au U u;p — YeTbIPEXMEPHBIE CKOPO- 5 \

A L
ctu atux sjep. OK 3 JIOCh, YTO UHB PU HTHBIE 2 46 10020 4%, Fflg
CEUEeHHUS BBIXOJ HMHKJIIO3UBHBIX 4 CTHUI[ P 3/1HY-

HOro Tull 1pU B3 HMOHCﬁCTBHH A0€p ¢ TOM- Ppyc. 8. 3 BUCUMOCTD <bk> OT DHEp-
HbIMU HOMEp MU A; u Ajp ONKCHIB IOTCS yHH- ruu FE B cucTeMe LEHTP M cC
BEpPC JIbHOU 3 KOHOMEPHOCTBIO B IUPOKOM U - I pp, pp-, © p-, © C-B3 W-
I 30HE SHEPIUi U TOMHBIX HOMEPOB CT IIKUB - Mojeiictsuid. Cpelible Toukn —

IOLIMXCS SIep: ¢p r™MEHT 1Ms MydYyk , TEMHbIE —
¢p IMEHT LU MULIEHU
Ed3c/dp* = Cy ASNY 49N expy (—11/C), (31)

e a(Ny) = 1/34+N1/3, a(Nyp) = 1/3+ Ny /3, C; = 1,910* M6-ToB ~2-c3.cp~ 1,
Cs = 0,125 £ 0,002.

Hcronp3ys 3 KOH COXp HEHMS YETBIPEXMEPHOro ummyisc , A.M.b nuuH u
AWM 11 X0B H OUTM H JUTHYECKOE BBIp XeHue mid m p merp Il mia nen-
TP JIBHOHM 00611 CTH OBICTPOT WMHKIIIO3MBHOH 4 cTuipl [16]. DrTo 1mo3Boiamio um
IpPEeACK 3 Tb, H MPUMEP, OTHOUIEHUE BBIXOAOB HTUY CTHUI[ MU 4 CTHILl B 3 BUCUMO-
CTH OT DHEPrHH, B TOM YHCIIe U B CHMITOTHYECKOH 00N CTH. DTH NHpeicK 3 HUs
JOBOJIBHO XOPOLIO IOATBEPXKJ I0TCS 9KCIIEPHUMEHT JIBHBIMU [ HHBIMH BIUIOTH JIO
[IOCJIEIHUX [l HHBIX, IIOJYYEHHBIX H Hex BHO 3 nymeHHoM B CIIIA komn igepe
PENATUBUCTCKUX Tskesbix noHOoB RHIC .

Bonee ner IbHO HEKOTOpBIE TPOOIEMBI PENISITUBUCTCKON SIIEPHOI (DU3MKH H
MHOXECTBEHHOIO POXIEHUS Y CTHUI B P CCM TPHUB €MOM IIOJXOHE MOXHO H HTH
B 0630pe [17].

1.4. AcumnToTHYecKHe 3 KOHOMEPHOCTH POKAEHHS 4 CTHI] — z-CKeIINHT.
IIpyHIMI BTOMOIETBHOCTH B (DU3MKE BJIEMEHT PHBIX U CTHII BIIEpBbIe ObLT chop-
MmyaupoB H B. A.M tBeeBbiM, P. M. Myp nauom u A.H.T Bxemumze [86]. IIpo-
JOJIK S1 H y4HBIE TP AWIMH MO MOUCKY OOIIMX 3 KOHOMEPHOCTEH B POXJIEHUU Y -
CTHILl B IPOTOH-TIPOTOHHBIX, IPOTOH-SIAEPHBIX U AIPO-SAEPHbIX B3 MUMOAEHCTBUSX,
cotpyanuku JIBD B 1996 r. npeuioXuwin U B H CTOsIIIee BpeMsl p 3BUB IOT HOBBII
MOAXOA. DTO METOA H JIU3 O®KCIEPUMEHT JIbHBIX JI HHBIX IO IIOMCKY U U3YYEHHIO
HOBBIX 3 KOHOMEPHOCTEH POXIEHUS Y CTHILl C OOJBIINMH MONEPEYHBIMI NMITYIIb-
C MU BO B3 MMOJEHCTBUSIX JPOHOB U Sliep BbICOKMX aHepruii [18-21].
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Puc. 9. a) Hukmo3uBHOE ceyeHHE POXIEHHS 3 PSIKEHHBIX JIPOHOB B pp- U PP-
B3 umozeictusix H Y-70, ISR, Tevatron u RHIC npu sHepruu B cucreme HEHTP M cC
pe kuud /s = 11—1800 I'»B. 6) CooTBETCTBYIOLL I CKEHJIMHIOB 1 (PYHKLS

Pe3ynbT TBI H M3 MHOTOYHCIICHHBIX 3KCHEPHUMEHT JIBHBIX I HHBIX, IOJY-
yeHHbIX H yckoputensix ¥Y-70 (Ilporeuno), ISR u SPS (CERN), Tevatron (b 1 -
BUSl), [0 POXIEHUIO JPOHOB, MPSIMBbIX (DOTOHOB U CTPYHl B IIMPOKOM U I 30HE
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9HEpruil U nepejil HHbIX UMITYJICOB IIOK 3 JIM, YTO YCT HOBJIEH HOB 4 3 KOHOMEp-
HOCTb B POXIEHUU Y CTUL, H 3B HH f 2-CKEIIMHIOM (puc.9).

DT 3 KOHOMEPHOCTb OTP X €T (pyHA MEHT JIbHble CBOMCTB CHUMMETPHHU B3 -
UMOJEUCTBHS W OOp 30B HUS Y CTHL, T KM€ K K C MONOAoOue, JIOK JIbHOCTh U
¢p xT ApHOCTE. HOBOE TpeAcT BleHHE 3KCIEPUMEHT JIbHBIX 1 HHBIX — Zz-TIpel-
CT BJIeHHe — OOH PYXHB €T CBOWCTB ®HEpPreTHYecKOW M YIIOBOM He3 BUCUMOCTH
U MOATBEPXKJ €T YHUBEPC JIbHOCTb MeX HM3M (DOPMHUPOB HHS U CTHUL, OIUCHIB -
eMoro cKeiiHroBoit ynkimeir W(z). Dr QyHKuus uMmeer (PU3UYECKYIO UH-
TEpHpPET LMIO IUIOTHOCTH BEPOSITHOCTH OOp 30B HUS pe JILHOH Y CTHLBI H JUIMHE
¢opmupos Hug z. K K ¢ M CKeWInHroB 51 (yHKLHUS, T K M 1T P METP 2 BBIP X -
I0TCS Yepe3 dKCIEPUMEHT JIbHO M3MEpSAEMbIE BEJIMUMHBI, UHB P HTHOE CEYEHUE
Ed3c/p® v nnotHocTh 3 pskeHHbIX 4 cTull dN/dn, 4TO MO3BOJAET TIPOBOMUTH
MOJIE/IbHO-HE3 BUCHMBIN H JIM3 9KCIIEPUMEHT JIbHBIX JI HHBIX M INPEACK 3 Tesb-
HBIE P CUETHI BBIXOJOB Y CTHII.

HoBble aKCepyMEHT JIbHBIE J HHbIE, IOJIydeHHble H KOJUI Hiepe pendru-
BUCTCKMX fifiep U Nondpu3oB HHbIX IpoToHOB (RHIC) u npoToH- HTUIIPOTOHHOM
kot ingepe Tevatron, HOATBEPAWIN Z-CKEWTUHT B HOBOM 0OJI CTU DHEPruid.

T kuM 00p 30M, MOJTy4eHbl YOEIUTEIbHBIE PryMEHTbI, CBHAETEIbCTBYIOLINE O
TOM, 4TO YCT HOBJIEHH 3 KOHOMEPHOCTb MOXET ObITh UCIIONIb30B H K K HUHCTPY-
MEHT B IIOMCKE HOBBIX (DU3MYECKUX SIBJICHUH ITPU POXKACHUH 4 CTHUI] B CTOJIKHOBE-
HUAX JPOHOB U fAfEP IPU 9KCTPEM JIBHO BBICOKUX BHEPIHAX, INIOTHOCTAX Y CTHIL
U nonepeyHsix ummnyinsc X H Y-70, Tevatron, RHIC u LHC.

2. YCKOPUTEJbHBIN KOMIUIEKC
JIABOPATOPUH BbICOKHUX DHEPTUI

YckoputenbHblii KoMiuieke JIBD spisgercs ogHON U3 OCHOBHBIX O 30BBIX YCT -
HoBok OUSIN. O6opynoB HUe MpeiH 3H YEHO Ul FeHep LUH IPOTOHOB, JIEUTpPO-
HOB, NOJIAPU30B HHBIX JEUTPOHOB ( T KX€ BTOPUYHBIX IOJIIPU30B HHBIX IIPOTO-
HOB U HEUTPOHOB) U SIZIep C dHEpruei Jerkux saep 10 6 [5B/HyKiIoH (UId TSXembIx
aaep — no 5 I'sB/uykiion). CxeM yCKOPHUTENIBHOTO KOMIUIEKC , BKJIIOY IOILEro
CT pBII YCKOpPUTENb — CHHXPO( 30TPOH U HOBBIH CBEPXIPOBOAAIINIA — HYKJIO-
TPOH, NpeACT BleH H puc.10, BHEIIHWI BUI HYKJIOTpOH — H puc. 11.

HccnenoB HUd, NPOBOAMBIIKECS P HEe H CHHXPO( 30TpOHE, B H cTodllee
BpeMs IepeBe/IeHbl H HOBBI YCKOPUTEIb — HYKJIOTPOH.

YcKopuTenbHbIH KOMIUIEKC J1 60p TOPUM BKJIIOY €T:

® CBEPXITPOBOJALINI YCKOPHUTENb — HYKJIOTPOH;

e JIMHEHHBIN yckopurens JIV-20;

® 3JIeKTPOHHO-TIy4eBOI UCTOYHUK BBICOKO3 PSIHBIX MOHOB;

® JI 3epHBIN UCTOYHUK JIETKUX HOHOB;

® ICTOYHMK MOJISIpU30B HHBIX AeiirpoHos ITOJIAPUC;

17



DA3A

JEJBTA-CUTMA

CuHxpoda3oTpoH
pod P JIEJIBTA-2

IMonspuszoBannas
IIPOTOHHAS] MHIICHb

[TMKACO

CTPEJIA
AJITIOM CMC MI'Y

ME/JI-HYKJIOTPOH

BEKKEPEJIb
Crannus DHeprus + TPAHCMYTALHS
BHYPEHHHX
MMUILEHEH:
JIEJIBTA-1 Hyxknorpon
JIHC

Puc. 10. Cxem yckopurtensHoro komiiekc JIBD

e 1cTOYHUK Tsikenbix noHoB KPMOH-2;
® CHCTEMy MEUIEHHOTO BBIBOI ITyYKOB;
® CHCTeMy K H JIOB BBIBEIEHHBIX ITyIKOB;
® KOMIUTIEKC BHYTPEHHUX MHUIICHEN;

® KPHOTeHHOEe 0OOpYIOB HUE.

P cnonoxeHne OCHOBHBIX YCT HOBOK I IMTPOBEACHUA d[')I/I3I/I‘~IeCKI/IX 9KCIepu-
MCHTOB H BHYTPEHHUX U BbIBEACHHBIX ITYUYK X HYKJIOTPOH IIOK 3 HO H pHC. 10.

Hyknorpon 6su1 BBesieH B ctpoid B 1993 r. OH €031 H C HCHONB30B HHUEM
YHHK JIHOW TEXHOJIOTHU CBEPXIIPOBOIALIMX M THUTHBIX CHUCTEM, KOTOpbIe ObUIH
MpeIoKeHsl U p 3p 60T Hbl B JI GOp TOpuUM BBICOKUX dHepruit [22]. Dkcnepu-
MEHTHI C WCIIOJIb30B HHEM BHYTPEHHHUX ITy4KOB HYKJIOTPOH H 4 Juck B 1994 r.
Meronnueckue U ¢u3ndeckue p 60Thl H BBIBEIEHHBIX IYyYK X HYKJIOTPOH MpO-
BOJSITCS pery/spHo ¢ 1999 r., korn ObUT BHEpBbIe MOJTYYEH BBIBEIEHHBIN My4OK C
MOMOIIBI0 CUCTEMbI MEJJICHHOTO BBIBOJA IIy4K , CO3J HHOM H OCHOBE CBEpPXIIPO-
BOASIIMX 37eMEeHTOB. HekoTopble T p METpsl NMyYKOB HYKJIOTPOH IIPUBEICHBI B
T o1 [23].

JIITENBHOCTh BBIBEAEHHOIO IYYK HYKJIOTPOH pjoctur er 10 ¢, nmpu sTtoM
MyJbC MM WHTEHCUBHOCTH CYIIECTBEHHO IOZ BJIEHBI CHCTEMOH OOp THOMW CBS3M
(puc. 12).

18



Puc. 11. Buewnnii Bun Hyksiorpon JIBD

I, oTH. ef1. Macmrab Copoc
100

1000 2000 3000 4000 5000 6000 7000 8

[=]

00 9000 10000
T, mc

oL

Puc. 12. HTeHCHBHOCTD MyYK (B OTH. €l.) BBIBEAEHHBIX W3 HYKJIOTPOH HEHTPOHOB K K
(pyHKIIMS BpeMEHHU C YIIP BJIEHHEM OT CHCTEMBI 0Op THOM CBSI3U

B JIBD umeercd Xxopoul 4 MEpPCHEeKTUB IOITYyYeHUS! YCKOPEHHBIX TAXEebIX
HOHOB O rox ps p 3p 6otke B rpymme E.JI. JJOHIl YHHMK JIbHOTO MCTOYHHMK Ts-
KeJIBIX MIOHOB H OCHOBE OTKPBITOTO UM METOJ] 3JIEKTPOHHOH cTpyHbl. Hen BHuit
nporpecc B mojydenun uonnoro mydk Ar'®t u Fe?** m myknmorpone cBa3 H ¢
YCIIEXOM B CO3Jl HUM HOBOro TUIl MOHHOro uctoyHuk KPHUOH-2 B «cTpyHHOM
Mozie p 60ThI» [24]. DTOT THII HOHHOTO UCTOYHHK , H 3B eMoro ESIS (Electron
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T 6mun 1. Hekotopble T p METphI MyYKOB HYKJIOTPOH

Tyuox MHTEHCUBHOCTD, Y CT./IUKIT Myuok MHTEHCUBHOCTD, U CT./IIAKIT

2003 T. 2006 r. 2003 r. 2006 r.

P 1-10t* 2-10M 160 7-108 1-10°

d 5.10%° 1-10M Mg | 1108 3108
‘He 3-10° 210 40Ar 3-107 2108
"Li 1-10° 2-10° 56Fe | 1,2-10° 5-107
0B | 2.3.107 5-107 84Ky - 5-10°
2¢ 2-10° 1-10° 131%e - 1-10°
UN 1-107 5.107 dl 3-108 3-10°

String Ion Source), HcIoIB3yeT MHOTOKP THBIE IPOAOJIBHBIE OTP KEHHS 3JIeK-
TPOHOB B JpeiithoBOM MPOCTp HCTBE UCTOYHUK . MccrienoB Hue oTp X TenbHOMH
Momsl p 60Tel EBIS, ocHOB HHOW H crnenu JIbHO CO30 HHOW 3J€KTPOHHOM ITyIKe
U 9JIEKTPOHHOM OTp X Telle, IMPUBEJIO B PE3YJIbT T€ K OTKPBITHI0O M H3YYEHHIO
ABJICHUS 3JIEKTPOHHOH CTPYHBI M IO3BOJIMIO PEKOHCTPYHPOB Th CYLLECTBYIOLIUI
ucroynuk KPMOH-2 u npumeHUTh €ro H HYKJIOTPOHE.

HoBBIil HCTOUHHK 11 J1 BO3MOXHOCTb MOJTY4HTh Tydku nonos N6+, N7+ Ari6+
u Fe?** B ce nc x nyknorpon B 2002 u 2003 rr. Tl HupyeTcs 1 nbHeiliuee npo-
JOJKEHHEe 9THX P OOT ¢ LeNbI0 MMOyYeHUs MOHOB 30J10T U yp H H HYKJIOTPOHE
¢ aHepruei 10 5 A I»B.

Bonee noppobH s uHpOpM 1ms 00 ycKopHuTenbHOM Komiuiekce JIBD BMe-
CTe C IUT HOM P 3BHUTHS HYKJIOTPOH B TeueHHe OJMK WIIMX JIeT MpUBEIEH B
[22,23,25,26].

2.1. IlonApu30B HHbIE MYYKH M NOJAPHMETP NI BHYTPEHHEro NmMy4k Hy-
KJI0TPoH . OQHO U3 NPUOPHUTETHBIX H Ip BJIEHUH HccienoB Huil B JIBD — crnu-
HOB 4 ¢m3uK . B nex 6pe 2002 r. H HYKJIOTpOHE ObUI BIEpPBbIE YCKOPEH Iy40K
HOJISIPU30B HHBIX JNeWTpoHOB OT uUcTO4HUK [IOJISIPUC ¢ MHTEHCUBHOCTBIO 1O
108 4 cr./umki1. Ucnonb30B HUE BHOBb CO3 B €MOTO HCTOYHMK H HYKJIOTPOHE
MO3BOJIUT IOJYYUTh BBIBEJECHHBIE ITyYKH IOJIIPU30B HHBIX JEHTPOHOB C UHTEHCHB-
noctsmu jio 5 - 1010 v cr./umko.

Heo06XomuMbIM ®7IEMEHTOM B 9KCHEPUMEHT X C MOJIIPU30B HHBIMU IMYYK MH
ABJIE€TC BO3MOXHOCTb WM3MEPEHMd CTEIEHU IOJIIpU3 UM YCKOPEHHOIO IIyuK .
JIng ®TOM Leu H YCKOPUTEIBHOM KOMILIEKCE UCIIOIb3YIOTCS YEThIpE THUIl II0-
ngpumMeTpoB. OfHU U3 HUX, HU3KO3HEpreTUYecKue MONIpUMETPHI, IPEAH 3H YEHBI
VI W3MEPEHUN BEKTOPHOM M TEH30pPHOM IOJAPHU3 LUH NEUTPOHHOIO Iy4K H
BBIXOJIE U3 JIMHEHHOIO YCKOPUTEN, APYTHE MO3BOMIAIOT ONPENEINTDh CTENEHb MOJIs-
PU3 UM BBIBEACHHOIO U3 K MEpbl YCKOPUTENd IIy4K Y CTULL.
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HoBslii npr6oOp, HCHONB3YIOIMIA BHYTPEHHIO MHUIIEHb HYKJIOTPOH (YCT -
HoBK PINTA — Polarimeter on Internal TArget), O6bu1 co31 H Hex BHO H 6 3¢
crekrpomerp CKAH [27]. IIng onpeneneHus NOJMSpU3 UMM NYYK I[IPUMEHEH
XOPOILIO M3y4EHHBI METON U3MEPEHHS] CHUMMETPHH KB 3HYIPYIOro pp-p CCEsHHS
IIPU B3 UMOJENUCTBUU YCKOPEHHBIX AEHTPOHOB C P MU BOLOPOX, .

DKCHEepUMEHT JIbH § YCT HOBK COCTOHUT M3 JUCT HIMOHHO YIp BIII€MOH MH-
LIEHHOM CT HUMM [28] ¢ MOJUBTWIEHOBOM U YITIEPONHOW MUIIEHSIMU U YETHIPEX
CUMHTWUIALIMOHHBIX TeseckonoB (puc. 13). OcHOBY Ml p Typsl COCT BWIU B
MOHUTOPHBIX Teneckon Fr, u Fp CHEKTpPOMETp , YCT HOBJIEHHBIE 1OJ yrnoMm 14°
ClIeB U COp B OT TEIUIOrO y4 CTK KOJbL ycKopurens. [l BbleneHus MpoTo-
HOB OTJ YW YCT HOBK OBUI JOINOJHEH JBYMS Tejieckonl MU Bp u Bp, KOTOpbIe
ObUTH BBICT BIIeHBI NOA yr1 Mu £68°. Yriel 14° u 68° Obuti BBIOP HbI MCXOAS
13 KMHEM THYECKHX I1 P METPOB pe KLHUM KB 3MYIPYIOTO pp-p CCEsHUS, KOIrQ

H JIM3UPYIOL] 5 CIOCOOHOCTh pe KUMH M KCHUM JIbH .

CH,/C Fs W N
MHUIICHb
Puc. 13. Cxem mnomngpumerp PINTA

Monspus uus nydyxk Ppg Uil HEMOJSIPU30B HHOW MUIIIEHH 3 MUCHIB €TC Clie-
AYIOIIUM 00p 30M:

P 1 (Nt —-N7) (32)
B= 4 TNt L=\’

Ayy (N* +N7)
rme N*, N~ — UHTEHCHBHOCTb (4MCIO 3 PETUCTPMPOB HHBIX COOBITHIi) B 3 -
BUCHUMOCTHU OT 3H K M BEJIMYUHBI HOJAPU3 LU IydK , Ay, — H ausupymom s

CHOCOOHOCTD YIIPYroro pp-p CCestHusl.

C NOMOILIBIO BTOM TIT P Typbl ObT H3MEPEH CTeleHb MOJISIPU3 LIUU BEKTOP-
HO-TIOJIIPU30B HHOIO IIyYK JEMTPOHOB IPU HECKOJIBKMX 3H YEHMAX HMILYJIbCOB
YCKOPEHHBIX AeUTpoHOB OT 3 no 5 I®B/c. bBpuio mok 3 HO, 4TO MONSpUMETP
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PINTA 1o3BossieT npoBOAUTH U3MEPEHUS 3 KOPOTKOE BpeMs IPU OTHOCUTEIHHO
M JIOl MHTEHCHUBHOCTHU IIy4K JEUTPOHOB (H NpUMEp, NPU NEPBUYHONH MHTEHCUB-
noctu 10° g usmepenuii ¢ Tounoctbio 1 % Tpebyercst okono 10 Mun) u p 60T Th
ONHOBPEMEHHO C OPYTUMHU MOJIb30B TemaMu. [lomydeHHbIe pe3ynbT ThI (IONSPU3 -
uust ~ 0,55—0,60) H XOmATCS B XOPOUIEM COIJI CUM C JI HHBIMH, MOJYyYeHHbIMU
IIPY HE3 BUCHMOM M3MEPEHUH IOJISIPU3 LUK Iy4K H MOJIIpUMeETpe, p OOT BlieM
H BBIBEJICHHOM ITyYKe.

2.2. SinepHble MyYKH HYKJIOTPOH . Bosbinoii mporpecc B MOCIEIHUE TOMBI
ObUT JOCTUTHYT NPU YCKOPEHHM IYy4KOB MOHOB H HykiorpoHe. T K, H mpu-
Mep, Obutn yckopenbl mydku agep 2C, Mg u B ¢ unTeHCHBHOCTAMH 10
8-10% 1-10% u 1-10° 4 CT./UMKI COOTBETCTBEHHO, 3 TEM BIEpBble ObLIH
yckopensl uonsl “CAr't ¢ kuneruueckoii aneprueit ~ 1 A I'sB u MHTEHCHBHO-
ctbio 1,4 - 10% 4 cr./upki. P 60THI ¢ yCKOpEHHEM MOHOB HPOMEXYTOUHOM M CChI
YCIELIHO MPOJOJIXK I0TCS, ObUIM YCKOPEHBI U BBIBEICHBI U3 YCKOPUTEINSI HOHBI Xe-
nes 99Fe?*t ¢ kumermueckoii smeprmeii 1 A 3B M ¢ HMHTEHCHBHOCTHIO
5-10% u cr./uukn. H puc. 14 npusesen Qotorp ¢hus B3 UMOAEHCTBUS yCKO-
pennoro uon °°Fe ¢ aapom siepHoii smysibcun. CieB  BUIEH TPEK Sp -CH Pl
HOH 3Kene3 ¢ OONBIIMM YHCIOM §-3IeKTPOHOB, B LIEHTpe H OMIOI eTcs 3Be3l ,
COCTOSII $1 U3 (Pp TMEHTOB CTOJKHYBIUUXCS SIIEp U BTOPUYHBIX 4 CTHII.

Puc. 14. Pe3yneT T cToNKHOBeHHs syuip °Fe ¢ sapom Bemiects amynscnu npu 1 A TsB

IT p nnenpHO ¢ yCKOpPEHHEM HOHOB IIPOMEXYTOYHOI M CChI PEryIsapHO IPOBO-
J4rcst p 60ThI O YCKOPEHHMIO JIETKMX CT OWIIBHBIX U P MO KTHUBHBIX SiIEp, T KUX
x kx ?Be,®B, 1B, !'B, °C u apyrux, ¢ 1enbio u3ydeHus MX KJ CTEPHOM CTPYKTYpHI.

B Onmx itmrem OymymieMm, K K ObUIO OTMEYEHO BbILIe, IUT HUPYETCS YBENU-
YEeHHE M CChl YCKOPSEMBIX SiIep BIUIOTh JO M cchl sizep Au u U ¢ sHeprueit mo
5 A T»B. DTH m1 HEl TECHO CBS3 HBI C BO3MOXHOCTBIO M3y4eHHUs CHIH JIOB ¢ -
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30BOTO MEPEXO] U3 JIPOHHOW M TepUM B KB PK-IJIIOOHHYIO IUT 3MYy Yepe3 npoMe-
KYTOYHYIO CMeIl HHYIO ¢ 3y.

3. HEKOTOPBIE IIOCJIEAJHHUE PE3YJIbTATHI,
IOJYYEHHBIE HA CHHXPO®A3OTPOHE

Psij1 aKCcniepuMeHTOB 110 TIOUCKY KOJUIEKTHUBHBIX 3(h(heKTOB B AP X ObLT OIMU-
c HBp3nl. Bemen 3 mepBbIM SKCIIEPUMEHTOM 10 OOH PYKCHUIO KyMYJISITHB-
Horo aggexr rpymnoit B.C.Ct Bunckoro B JIBD OUSM B 1973 r. [29] no-
CJIeJOB JIO €ro JET JIbHOE HuccienoB HUe He Toiapko B OWSHW, HO u B npyrux
H yuHbIX meHTp X [30-32]. [Ing wuTiocTp UMH H pHC. 15 mpuBeneH d>HepreTu-
YecK s 3 BUCUMOCTh OJHOIO M3 I P METPOB, X P KTEPUIYIOIIUX KyMYJISITUBHBIN

atppext, Tp — 1 p METp H KIIOH i
SHEPTeTUYECKOi 3 BUCUMOCTH CEYEHUS |
00p 30B Hug mHMOHOB mma p + Cu- 00 /¢,_——$* """ +--
CTOJIKHOBEHUI B H IIP BJIEHUM H 3 A B 50| j/’/
1 6op topnoii cucteme [30]. UuB pu- .
HTHOE CEYeHHE MIPOKCUMUPOB JIOCh 401 ?il
CJICAYIOIIMM BBIp KCHUEM! 30 74 i zi } Hacr. skcriepuMenT
Ed’c/dp® = C exp (=T /Ty), (33) 20f v Banun A. M. 1 1p.
(A®. 1975. T. 20. C. 1201)
e T — KMHeTHYecK s oHeprus po- 10f

KIEHHBIX MUOHOB. XOpPOIIO BUIH 3 - T ——
KOHOMEPHOCTb BBIXOA Tp H CHMIITO-
TUYECKUI pEeXUM B p HOHE BSHEPIUH
4-5 I»B. BDT0 MOXeT yK 3bIB Tb H

T,

. 9B

N Puc. 15. 3 Bucumocts 1 p Merp Tp mis
TO, YTO B OOJI CTH B®HEpPruil yCKOpH- o

B OHSIH nuoHoB mox ymiom 180° mia p + Cu-
TELHOTO KOMILTEKC VAN & - CTOJIKHOBEHUI OT S9HEPTHHU H JIET OUIHUX IIPO-

HMH €T MPOABMATECS KB PK-DMOOHHOE  ropop T,
CTPOEHME SAEPHON M TEpHH, T.e€. Mpo-
HCXOJUT NEePEXOA OT HYKJIOHHBIX K KB PK-IJIIOOHHBIM CTEHEHSIM CBOOOJIBI.
Crnenyer OTMETHUTD, YTO MCCIIENOB HUS CBOMCTB KYMYNIATUBHOIO 3(h(peKT uH-
TEHCHBHO IPOJOJIX JIUCh H CHHXPO( 30TPOHE T KXKE C HCIIOIB30B HUEM IIyd-
KOB TOJIsipu30B HHbIX 4 ctull (1. 3.1). B m.3.2 Oyayt npeact BiieHbI HEKOTOpPbIE
MHTEPECHBIE PE3YyNIbT ThI MO OOH PYXKEHHIO HOBBIX PE30H HCHBIX COCTOSHHUH NpH
H JIU3¢ CHUMKOB C OJHOMETPOBOIl BOJOPOAHON M JBYXMETPOBOH IPOIl HOBOMH
My3bIPbKOBBIX K Mep. [l p jienpHO NpOBOAMIIOCH UCCIIENOB HUE SIPO-S9AepHbIX
CTOJIKHOBEHHMH C LIENIbI0 U3YYEHUS MEX HHU3M MHOXECTBEHHOro oOp 30B HHUS Y -
ctul U ux p co o (1. 3.3).
O0630p MOCIeTHNX pe3ylIbT TOB, MOMYyIeHHBIX H CHHXpog 30TpoHe mo 2001 r.,
npusezied B p 6ot x [17, 33]. T M ke 1 H ¥ ccbulIKk H 0030p [34] ¢ ungop-
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M nueil o 6osee p HHUX p OOT X, BHIIIOJIHEHHBIX H YCKOPHUTEIbHOM KOMILIEKCE
JIBD. B gomnonHeHue K 3TOMy A Jiee OyOyT MPeACT BJISHBI HEKOTOpBIE HHTEPECHBIE
pE3yabT THI MOCIEIHUX JIET.

3.1. CinuHoBsble aBiaeHud. [1 BHO# nenbio akcriepument JJEJIBTA-CUTMA
(pyxoBoautesnu JI. H. CrpyHos u B. WM. I1I poB) Gbu10 M3y4eHHe HyKJIOH-HYKJIOHHBIX
B3 UMOJEWUCTBUI C MCIOJIb30B HUEM BTOPUYHOIO ITy4K IIONAPU30B HHBIX HEHTPO-
HOB BBICOKOI ®HEpruv BIUIOTH 0 KuHeTuueckoi anepruu 3,7 IsB. T k s BO3-
MOXKHOCTb MMeIl Chb B MUPE TOJIBKO H CHHXPO( 30TpOHE.

KB 3MMOHOXPOM THYECKHI Iy4OK HEHTPOHOB IOJYY JICA M3 YCKOPEHHBIX U
BBIBEJJCHHBIX BEKTOPHO-IIOIIPU30B HHBIX AEUTPOHOB CUHXPO 30TpoH . HellTpoHs!
MIPOXOAWIIN Yepe3 OOJIbIIYIO MOISIPU30B HHYIO MPOTOHHYIO MHIIEHb.

B skcnepument x H cuHXxpod 30TpoHe B 1995-2001 rr. OBUTH TONTyYEHEI
HOBBbIE I HHBIE JJIs DHEPreTMYECKON 3 BUCHUMOCTH NP CIMH-3 BUCUMOM P 3HHUIIBI
nosHeix cedennii Aor(np) (puc. 16). Bemuuunsl Aoy (np) npu 3ToM H3Meps-
JIUCh K K P 3HOCTb MEXJy HOJHBIMU NP-CEYEHUSMU U1 I P JUIEJIBHBIX U HTHUI -
P JUIENBHBIX NOJIAPU3 LIMH IMy4K U MUILEHH, OPUEHTUPOB HHBIX BIOJIb MMITYJIbC
nydk . H Gmron sics Heoxun HHO ObicTpbiii cm 1 Aoy (np) ¢ pocTOM 3HEpruu
Boie 1,1 I'»B.

W

Ao;(np), MO

— 1 GW/VPI PSA Sol.FX98
— 2 GW/VPI PSA Sol.SP99
— 3 GW/VPI PSA So1.SP03
"""" Meson Exchange

---- NP QCD Contribution

& SATURNE 11

7 PSI

£ LAMPF

B JINR-Dubna (1995)

O JINR-Dubna (1975)

<+ JINR-Dubna (2000)
(preliminary)

Puc. 16. Dueprerudeck s 3 BUCUMOCTh Ao (np)
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DKCIEpUMEHT JIbHBIE PE3YJIbT ThI ObLIM CP BHEHBI C HPEICK 3 HUIMH OObIY-
HOU Teopun Me3oHHOro oomeH NN-p ccesnus (ME) u ¢ 30BbIM H JIHM30M
(PSA). BugHo, 4TO 9TH OIEHKH OOECIEYMB 0T TOJBKO K YECTBEHHOE OIMC HUE
I HHBIX TIPH HHU3KUX BHEPIUSX M CWIBHO P CXOAITCS C A HHBIMH IIPU 3HEPIUU
Boime 1 I»B. B [35,36] obcyxn ercs monenb HenepTypO THBHOIO B3 UMOJEH-
CTBUSI MEXJy KB PK MH, MHIYLHUPOB HHOIO CHJIbHBIMH (DIIYKTY LIUSIMH B KYyMHBIX
[JTIOOHHBIX T0JIeH, T.€. MHCT HTOH MU. OfH KO BKJI 1, 3 BUCSILIMH OT ®HEpruu, B
Aoy, (np) ObUT OLEHEH TOJIBKO H K YECTBEHHOM YPOBHE.

Jist Toro 4ToObl 3 BEPIIUTh OTU UCCICHOB HHUS, [T HUPYETCS U3MEPUTH DHEp-
FETHYECKYIO 3 BUCUMOCTh Ao (np) ¢ NOMEPEYHON MOJApU3 [UEH My4K HEUTpo-
HOB M IIPOTOHOB MHUILIEHU. DTH 9KCIIEPUMEHTBI OYyT ITPOIOJIKEHBI H HYKJIOTPOHE.

B 2002 r. g npoBeneHHs H YCT HOBKE IIOJHOIO ONBIT H YHUK JIBHOM
Myyke KB 3MMOHOXPOM THYECKHX HEHTPOHOB 10 H3MEPEHMI0 OJHOBPEMEHHO C
Aorp(np) CIUHOBBIX KOPPENSILKi B np-iepe3 psake nog yrioMm 0° B I1. ¢. K. Obut

TNOATOTOBIEH , CMOHTHPOB H W BBe-
JeH B O9KCIUIy T LIMI0 CHCTEM Tpe- 1,5
KMHr  1poToHoB. C momouiplo CH- r HyGHa, AJIb®A
CTeMBI MHOTONPOBONOYHBIX mporop- 10 Caicne

LMOH JIBHBIX K MEp B COCT BE M THHT-
HOTO CIIEKTPOMETP MOJNY4EeHO OIITH-
M JIbHOE BbIIENICHHEe HMITYJIbCHOTO 0
OMK  np — pn-nepe3 psakd OpH -
KMHETHYECKOW dHEpruu Mmonspu3oB H- 0.5
HBIX HeirpoHoB T, = 1,3 u 1,5 ['3B.

0,51

H pexoHCTpyupoB HHOM CHEK- ! ! ! !
TPOMETPE C UHTEHCHBHBIM HEMONIpH- 0 0.2 04 0.6 0’81{, raBl/’S
30B HHBIM HEHTPOHHBIM ITy4KOM B Ce-

HCC H  HYKJIOTPOHE YCHCINHO M3ME-  pyc, 17, KoathpuumenT nepe 4u BeKTOPHOIL
peHbl nosHble np-cedenust Npu Ty, =  yonspus uum £ OT ASHTPOH K CTPUIIIMHIO-
1,3u 1,5 I'eB (11.4.2). BOMY IIPOTOHY B pe KIHH IIOJHOTO P 3B JI

B skcrniepumente AJIbMA 1 cup-  ACHTPOH B 3 BUCHMOCTH OT &
xpod 30TpoHe B 1992-1993 rr. usy-

YEeHBl P 37MYHBIC CIMHOBBIE X P KTEPUCTUKU pe KUUM (hp IMEHT LU ASHTPOH

H SIp X C BBUIETOM NPOTOH -()p I'MEHT BIepel NMp KTHYECKH BO BCEM JOCTYII-
HOM H 3THX YCKOPHTEJSIX JU I 30HE HEPIruil. DTO COOTBETCTBOB JIO BHYTPEHHUM
umiynsc M B geidtpone no 0,57 I'sB/c. OpHoil U3 M3MEpPEHHBIX X P KTEPUCTHK
ObUT KOB((ULMEHT Tepe]l YM BEeKTOPHOW IMojsgpu3 muu k. Ero 3 BUCHMOCTH OT
BHYTPEHHEro UMIYJIbC K B JEUTpOHe NpuUBeAeH H pHC. 17 BMECTe ¢ MOJETbHBIMU
p cuer mMu A.KoOyimikuH (IITPUXOB s KPUB $) U C MCIOJIb30B HUEM I1 PUXCKOM
BOJTHOBOW (DYHKUIMH JEWTPOH (CIUIOIIH S KPUB 51) B P MK X HMITYJIbCHOTO TpH-
OKeHus.
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BumHo usMmeHenue 3H Kk npu k ~ 0,35 IsB/c. Heobxomumo mpopBuxeHue
K Goree BBICOKMM 3H YEHHSM BHYTPEHHErO UMITYNIbC Ul OLIEHKH CHMIITOTHYE-
CKOr'O MOBEIEHHs] 9TON BEIIMYHHBI.

Bo3MOXHO mpomomkeHHe 3THX p OOT H HYKJIOTPOHE HPH YCJIOBHH IOJY-
YeHHs! BBIBEOCHHBIX MYYKOB BEKTOPHO-IIOJSPH30B HHBIX IEUTPOHOB ¢ TpebyeMoii
9Heprueil U MHTEHCUBHOCTBIO IyuK JeiTpoHoB (npoekT KAIIIIA, pykoBoaurens
H. M. CutHuk).

B akcnepumente AJITIOM (pykosomutens H. M. ITuckyHoB) B IByX ce HC X
cuxpod 3orpon B 2001 r. 6bU1 M3MEpPEeH H JIU3UPYIOLI S CIIOCOOHOCTH A, Ho-
JIUSTWICH P 3JIMYHOM TONIMHBI B uHK/I03uBHOU pe Kimu pT +CHoy — p+X mia
HMITYJIbCOB ITPOTOHOB-CH PsijioB 3,8, 4,5 u 5,3 I'9B/c. Tlpu aTOM GBI HCHONIB30B H
MY4OK MOJISIPU30B HHBIX IPOTOHOB, IOJYYEHHBIX OT CTPHUIIIUHI YCKOPEHHBIX U
BBIBEJJICHHBIX BEKTOPHO-IOISPU30B HHBIX AEHTPOHOB.

Bruto nonydeno (puc. 18, ), 4ro g npoToHoB ¢ 3Heprueit 3,8 I'sB/c Benu-
upH A, Np KTUYECKU He 3 BUCHUT OT TOJIIMHBI M TEpPU JI HPHU 3H YCHHAX TOJ-
umnsl ot 37 o 80 r/em?. An nmusupyiomn g cnioco6HocTs pe Kupn p 1 +CHy —
p+ X O O er ¢ pocTOM HUMITYIbC TEPBUYHBIX MPOTOHOB (pwmc. 18,6), HO OH
BCe-T KM 3H YUM H IPU UMIIYJIbC X MpoToHOoB 5,3 'aB/c.

B mmpokoii o6 cTH p; H AM3MPYIOI A crnocobHocTh Ay, a1d rp GHT U
nomuetiien  CHy mmeer M kcumyM B p HoHe p; = psin © ~ 0,3 ['eB/c.

B OyaymeM npemmon r ercsd NPONOMKEHHE H3MepeHumid A, mwid pe Kumid
p1 + CHy(C) ¢ uCIOIb30B HUEM IIOJIIPU30B HHBIX MPOTOHOB H HYKJIOTPOHE
¢ umnynse Mu 10 6,5 I'sB/c. T KuxX I HHBIX B MHpe MOK HeT, HO OHU HYXHBI,
H NpuMep, A1 NMPOBEACHMS MCCIIENOB HUM NMPOTOHHBIX (popMd KTOPOB IPHU 3H -
YeHHAX KB Jp TOB Nepe] HHbIX uMmmynbco Q2 Gombme 10 T3B2 B J1 6op Topun
IOxedepcon (CIIA).

CoBMECTHBIN 3KCNEPUMEHT MOCKOBCKOIO rOCyl, PCTBEHHOTO YHHBEPCUTET U
JIBD OMAU c ucnonb3oB HUEM CLUHTHWUISILUOHHOIO M THUTHOTO CIIEKTpOMe-
Tp (ycr HOBK CMC MIY, Mocks ) u akcnepument ITHKACO H yct HOBKe
COEPA 06bUti TOCISAHUMH HCCIIENOB HHUSIMU, NMPOBEIEHHBIMH H CHHXpO( 30-
TpoHe B KoHLue 2002 r.

B skcnepumente CMC MI'Y (pykosonutenu JI. M. C peiueB u A. A. Epuios)
HCTIONB30B JICA TIyYOK TOJIAPU30B HHBIX JAEHTPOHOB ¢ MHTEHCHBHOCTBIO 3-10° nieii-
TpoH/umKJI. CTPUNITUHTOBBIE MOJISIPU30B HHBIE MPOTOHHBI ¢ sHeprueil 2,51 I'sB u
3,0 ['»B B3 UMOIEICTBOB JIM C YIJIepOJHON U MeqHOU MulieHIMUu. OCHOBHOU U3-
MepsieMOU BEeJIMYMHOU ObLT BEKTOPH s H JIM3HPYIOLL 51 CIIOCOGHOCTD A.

Llenbio oKcrepuMeHT ObUIO WU3MEPHUTh H JIM3UpYIIMe crocobHocTH A B
P CcesHUM BTOPUYHBIX IOJIIPU30B HHBIX IIPOTOHOB H BHYTPUSIEPHBIX HYKJIOH X
B Cp BHEHHMHU C H JIOTUYHBIMU M3MEPEHHSIMH BEJIMYUHBI A JUI p CCESIHUI H CBO-
OomHBIX HYKJIOH X B 001 cté sHepruii 1-4 3B u, T xum oOp 30M, IPOBEPHUTH
MOJIENIbHBIE NPEACK 3 HUS I 3 BUCUMOCTU OT DHEpPIUU.
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Puc. 18. AH nusupymout s cioco6HOCTh Ay K K (OYHKUMS Py VIS P 3HBIX TOJILIMH MHIICHH
npu 3,8 TaB/c (a) ¥ and p 3HBIX UMITYIbCOB TpH TonmuHe 51,6 t/em? (6)

IT p merp R mox Bienuss H jusupyiomei crocobroctd A(T) MoXer ObITh
BBIYUCIIEH 1O (hopmyJie

RPN(T) = 2Aqe(T)/[App(T) + Azm(T)] (34)
IUISL P CCEeSTHUS H JIIOOBIX BHYTPHSIEPHBIX HYKJIOH X JIHOO
Rpp(T) = A];e (T)/APP(T) (35)

U P CCESHUS TONBKO H - BHYTPHUsIepHbIX PoToH X. 3nech Age(T) n AP (T') —
3TO H Jmsupyow s cnocobHocTs A(T') it KB 3Hynpyroro K H 1 6e3 perucTp -
1uu U ¢ peructp uuei mporon otx 4, A,,(T) u Ay, (T) — X p KTepUCTHK
A(T) s p ccessHUst H CBOOOHBIX IIPOTOH X M HEUTPOH X M T — KHHETHYECK 1
SHEPIUs POTOHOB.

B sKcmepuMeHTe MepBbIi ciiyd i cooTBercTByeT M3Mepennio A(T) mpoToH-
SIEPHOTO P CCEsHUS C BBIIEICHUEM KB 3HYNPYIOro K H J1 HOCPEACTBOM M THHT-
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HOTO H JIM3 MMITYJIbC JIMOUPYIOIIEH 4 CTHUIpI, HO 0e3 K KOro-iubo p 3heneHus
MPOTOH-TIPOTOHHOTO WJIN NMPOTOH-HEUTPOHHOTO B3 MMOIEHCTBHA:

p1 +2C(*1Cu) — pp + p(n)r + X. (36)

Bropoii ciyu i coorBerctByet m3mepenuio A(7) mpoTOH-AEPHOIO P CCeSTHHU
C PETUCTp LMEN NPOTOH OTA YU:

pT +12C(%*Cu) — p, +pr+ X. (37)

3neck p(n) 03H 4 er mpoToH (HeHTpoH), X — 060l APYroil MPOAYKT pe KUHH
u ungexcsl L(R) 036 4 10T j1eBoe (Ip BOE) H NP BJICHHE P CCESIHHS.

DHepreTHyecK s 3 BUCUMOCTb I1 p MeTp [Ry,c JUId NPOTOH-NPOTOHHOIO (TeM-
HBIE 3H YKM) M IPOTOH-HYKJIOHHOTO (CBETNBIE 3H YKH) KB 3HYNPYIOro p CCEsHHs
IpencT BIeH H puc. 19 BMecTe C OLEHKOH MX CHMIITOTHMYECKOTO MOBEAEHHS
(crumowH st mnus ¢ R(T) — 0,67 wist pp- u nynktupH s nunust ¢ R(T) — 0,96
st pN-p ccesqnus). H puc. 19 nox 3 HO cp BHEHHE ¢ MOJAEIbHBIMU OLEHK MU
B P MK X MMIIYJbCHOIO NPHOIMXKEHUS, Il MPEeIroa I ercd ¢l O 4 cBI3 HHOCTb
HYKJIOHOB.

z 1,2
= L,
3
Sl
~
o T @
2 g 2
54 ,%/ . -
Fermi / Piie
0,81 model -7
A
7/
0,6 /RiAmodel ~ Anomalous
reduction
0,41 PN pp
A ITEP
O LINP A KEK
0,2 & LAMPF ® MSU-SPHERE
% SMS MSU
O MSU-SPHERE
1 1 1 1 |
0 1 2 3 4
T,T5B

Puc. 19. Duepretuyeck 3 BUCUMOCTb I p MeTp R Ul IPOTOH-IPOTOHHOIO (TEMHbIE
3H YKM) U [IPOTOH-HYKJIOHHOIO (CBET/Ible 3H YKU) KB 3UYIPYrOro p CCESHUS U OLUEHK HX

CHMIITOTHYECKOro moBeenus (crutouH s nunus ¢ R(T) — 0,67 mis pp- U NyHKTHPH I
s ¢ R(T) — 0,96 mist pN-p ccesirnst). [ToK 3 HO T KXe Cp BHEHHE C MOJEIbHBIMH
OLIEHK MM, ITOJTyYEHHBIMU B P MK X UMITYJIbCHOTO NPHUOIIIIKEHHS
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Ilepen npoBeseHNeM [ HHOTO SKCIEPUMEHT H OCHOBE CYLLECTBYIOLIUX KC-
HEePUMEHT JIbHBIX [ HHBIX OBUT BBIIBUHYT THIIOTE3 , YTO H JIM3UPYIOLIHE CIIO-
COOHOCTH P CcedHMs H BHYTPHMSIEPHBIX NPOTOH X W HEHUTPOH X MOJ BIIEHBI CY-
IIECTBEHHO P 37MHMYHBIM OOp 30M B OOJ CTM KMHETHYECKUX SHEPIUil IMPOTOHOB
1-4 I'»B. g npoBepKH THIIOTE3bI MPEJACT BIISUIOCh HEOOXOAUMBIM ITPOBECTH U3-
Mepenue oboux, [R,n U Rp,, T p METPOB IIPU OJHUX U TEX K€ 9KCIEPUMEHT Jib-
HBIX YCJIOBUSIX B HECKOJIBKMX TOUK X 10 ®HEPIUH B YK 3 HHOM AU II 30HE.

D10 OBUIO CHEN HO B A HHOM 3KcrepuMmeHTe. CyIIECTBEHHO, YTO B MHKJIIO-
3UBHOM pe KLUUH HU3MEPSIIOCh YCPEAHEHHOE 10 MPOTOH M M HEWTPOH M 3H YEHHE

H JIM3UpYIOLIEeH CIOCOOHOCTH U OTHOBPEMEHHO PErHCTPUPOB JICS IPOTOH OTA 4,
BhIIENAOIUI pp-p ccesHue. [1oaToMy I HHBIN 9KCIIEPUMEHT UyBCTBUTENIEH K BO3-
MOXHOMY P 3JMYMIO O] BIEHHH H JIM3UPYIOLIMX CIIOCOOHOCTEH Wi pp- U pn-
B3 UMOJCUCTBUII.

K k BupHO 13 puc. 19, H my4Ke CTPHUIIIMHIOBBIX MOISIPH30B HHBIX IPOTOHOB
OBUTO BIIEpBBIE N3MEPEHO OHOBPEMEHHO B p MK X ofgHOTO 3kcnepuMeHT (CDEPA
JIBD OUSAU — CMC MI'Y, MockB ) o BjeHHE H JH3HPYIOLICH CIIOCOOHOCTH
IIPOTOH-HYKJIOHHOTO B3 UMOJEWUCTBUS NPU P CCEIHUM H BHYTPUSIEPHBIX HYKJIO-
H X 19 WHKJIIO3UBHOTO B3 UMOIEHCTBHSI C PErdCTp IMEH TONBKO JHIMPYIOILETO
MPOTOH M HPOTOH-TIPOTOHHOTO B3 UMOAEHCTBHS, KOTJ IPOTOH-MHIIEHb T KXe
perucTpupyercss AETEKTOPOM 4 CTHI OTJ YH.

AH U3 NOJY4eHHOrO M TepU J1 TOK 3 JI, YTO IOA BJI€HHE H JIU3UPYIOLIEi
CHOCOOHOCTH TIPU MCCJIENOB HHBIX ®Heprusx He mpesbim er 0,15 B oboux K H -
J X U HOM JIbHO OOJIBIIOrO MOJ BJIGHUS B Pe KLUHUH C BBIIEJICHUEM NPOTOH He
H Omon ercs. M3mepenHsle 3H deHHst R,y B COBOKYNHOCTH C 1 HHbIMH LAMPF
mpu 0,8 I'sB XopoImro onuceB I0TCA B p MK X HMIYJIbCHOrO mpubmmkenns. II -
P METpBI IO BIEHUS H JIM3UPYIOLIEH CIIOCOOHOCTH H SIAP X yIIEpon W Meau
Ip KTUYECKH COBII [ IOT.

IIpennon r ercd NpogOXEHHE 3TOM MPOrp MMBI UCCIIENOB HUM H HYyKJIO-
TPOHE C WCIOJIb30B HHEM B K YECTBE IIEPBUYHBIX IYYKOB MOJIIPU30B HHBIX JACH-
TPOHOB WM CTPHIIIMHIOBBIX MOJISIPU30B HHBIX MPOTOHOB. CiiedyeT mpH 3TOM IOA-
YEepKHYTh, YTO HUIZIE B MUPE B H CTOSIIEE BPeMs HE CYLIECTBYET MOIIPH30B HHBIX
MYYKOB, NIEPEKPhIB IOIUX YK 3 HHBIA OU T 30H »Hepruil. IIn Hupyercs nposectu
W3MEpEeHMs I0Jl BJICHUS H JIM3UPYIOIEeH CHOCOOHOCTH Ul KB 3UYIPYIOro p c-
CestHUsI TOJIIPU30B HHBIX JEWTPOHOB H SAp X YIIEPOA TIPH P 3HBIX DHEPIHSX
BMeCTe C M3yd4eHHeM A-3 BUCHUMOCTH I p MeTp R s suep mumeHeid ot Be no
Pb u mpsambIM n3MepeHueM I p MeTp R U1 IPOTOH-HEHTPOHHOTO P CCEsTHUS.

Bropoii axcnepument — [TMKACO, nposoaumslii nox pykosogctsoM JI. C. 3o-
JIUH , H NP BJ€H H MCCIEN0B HUE CIHUHOBON CTPYKTYpPBI JEMTPOH MpU M JIBIX
MEXHYKJIOHHBIX P ccTogHMAX. C Lenblo mojyyeHusd T KoM MH(oOpM MU p Hee
ObLT BBINOJMHEH CEpUsl SKCIEPUMEHTOB H My4dK X IOJISIPU30B HHBIX JEUTpO-
HoB B [lyone m C Kile C HCHOJIB30B HHUEM HETONIIPH30B HHBIX MUIeHeid [37].
Ipenck 3 HUS B p MK X UMITYJIbCHOTO NMPUOJIMKEHHS JUISl CIIMHOBBIX MEPEMEHHBIX
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OINUCHIB 10T DKCIEPUMEHT JIbHBIE [ HHbIE TOJIBKO B OOJI CTH M JIBIX BHYTPEHHHX
UMITYJIbCOB HYKJIOHOB B feiiTpone k < 0,25 I'sB/c.

Bro xopomo BupgHO H puc.20, rae npuseieHbl A HHble 1Mo Thy uId pe-
kumit p38 a1 d+ A — p+ X ¥ a1d yopyroro p ccesHUs H 3 J JEHTPOH
d+p — p-+d B3 BUCUMOCTH OT 3H 4YeHHus k. P cueTH g 3 BHCUMOCTD 159 B p M-
K X HMMIIYJbCHOTO NPHOJMXKEHMS, MOJNYYEHH S C UCIOJIB30B HHEM CT HI PTHOH
IBYXKOMITOHEHTHOH BOJHOBOH (DyHKLIWH NEWTPOH , OCHOB HHOW H T PUXCKOM
N N-noreniu Jjie, umeer MuHuMyM nipu k = 0,3 [9B/c (crutomH s Kpus ). Yuer
MIPOLIECCOB Nepep CCesHUd U B3 MMOAEHCTBUS B KOHEYHOM COCTOSHUU I103BOJISIET
VIAY4IIUTh COITI CHE C DKCIIEPHMEHTOM, MO0 Kp IHel mepe, npu k mo 0,6 I'sB/c
(urpuxoB s kpuB s1). Omuc Hue nosenenns Too(k) B 06 ctu Gomnpmmx k, T. €. B
0011 CTH KOp JAEHTPOH , HE TOITy9eHO.

Tso r
025 PARIS DWE (IA)
r dp = nX(I14) Lykasov (IA + FSI)
0,00
-0,25F g’aﬁ +
C U
—0,50F f; #* +
0,75 ¢ ] ; +
-1,00 3 a odp-pd
“125F - dppX
N + a2 dC —>pd
~1.50 C 1 1 Il Il 1
0 0,2 04 06 0,8 1

k, I'sB/c

Puc. 20. I HHble 110 T2o 11d pe kumid p 38 1 d+ A — p+ X u U1 ynpyroro p ccessHust
H 3 1 gedtpoH d+ p — p+ d B 3 BUCUMOCTH OT 3H 4eHHd k. CIUIOIIH S KpUB 1 —
P CYET B p MK X UMIIY/IbCHOTO NPUOJIMKEHUS C UCHIOJIb30B HHEM 1T prkckoil JAB®, wrpu-
XOB 9 KPHMB i — D CYET C y4eTOM B3 MMOJIEHCTBHMS B KOHEYHOM cOCTOSHMH. TodeuH i
KPHUB s TOK 3bIB €T NMPEACK 3 HUe MpsAMOro Mex Hu3M i pe kumu dp — 7(0°)X, Ko-
[ KyMYJSTHBHBIIA ITHOH POXI €TCS BO B3 MMOJICHCTBUM BBICOKOUMITYJICHOTO HYKJIOH B
meiiTtpoHe ¢ HykioHoMm muiesn (NN — NN)

DTH ¢ KTl MOTHBHPOB JIU POBEJICHIE U3MEPEHUI H JIM3UPYIOLIel criocob-
HOCTH B pe KUHMIX (Pp IMEHT IUH ACHTPOH B KyMYyIATHBHBIE ME3OHBI.

Bnepsbie Obu1 U3ydeH (p I'MEHT LM TEH30PHO-NONSPU30B HHBIX OEUTPO-
HOB ¢ mmiynbcoM 9 I'sB/c B xymymarusabie nwioHsl B pe kuuu d T + H,C,0,Be
— 7+ X npu yo1 X smuccuu nuoHOB B 0651 ctu 0, 135 u 180 Mp a. MoxHo
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BUJETh CHIIBHYIO 3 BHUCUMOCTb TEH30DHOIl H jm3upylomeil crocobnoctu Ay, ot
MONEPEeYHOTO HMMITYyIbC HPH (Pp TMEHT LUM TEH30PHBIX IMOJISIPH30B HHBIX JCii-
TpoHOB ¢ sHepruedl 9 I'sB B kymynarusHble nHoHbI (puc.21). Ilpu yBenudyeHun
[IOIIEPEYHOro uMIyibc MuoH ot 0,4

A,
1o 0,8 I'sB/c TeH30pH S H JTU3UPY- 0-"5
o 9 cnocobHocts A m oy er or 0 0 FHO ToB) + Be (135, 180 wpam) + X

g0 —0,4. Cr pToB 4 TOYK W JEHUA
Ayy(pt) cooTBeTCTBYET KyMYIATUBHOH 0,1
nepemMenHod X = 1, 4Yro sBIAeTCA
H 4 JIOM KyMYJISTUBHOrO pexum . M3-
menenue A, (py) sBusercs imHeinsy 01
1pyu 00ouX YI1 X ®MUCCHHU IIMOHOB 135 (2
u 180 mp I.

HoBsle 1 HHBIE pU UMITYJIbCE JEH-
TpoHOB 5 I'sB/c Gbutn mosydeHsr B mo- 04
CTIEIHEM Ce HCe CHHXPO( 30TPOH B _o5F o 7+ 180 Mpaa
Hosi6pe 2002 r. Llenps nocneqHux n3me- o6 L i
pEHUIl — BBLICHUTh YHEPIETUYECKYIO 0 0,102 030405 060708 09 1
3 BUCUMOCTb Ay, dYepe3 COIOCT Biie- P ToBle
HUEe HOBBIX A HHbIX mpu 5 I3B/c m
MPEALIECTBYIOIIUX J HHBIX, IOJy4eH-
HbIX 1pu 9 ['9B/c. DTo B XHO g UH-
TEpIpeT MU MeX HU3M pe KIMU.

3 BHCHMOCTH TEH30PHOH H NU3UpYIOIIEd crocobHocTH Ay, OT KyMymsATHB-
HOW mepeMeHHOW X, mpenct BieH H puc.22. KymynatusHoe ymcio X, p BHO
MHHUM JIBHOW (hp TMEHTHPYIOLIEH M CCe B €IMHHIl X M CChl HYKJIOH , HEOOXOJH-
MOH Ul POXAEHUS KYMYIATUBHOIO IIHMOH C UMITYJIBCOM (.. IIpu ¢pp rMeHT num
JAEeUTPOH B NUOH nepeMeHH 4 X, usMensercd ot 1 jpo 2.

BumHo, 9TO ®HEPreTHYecK s 3 BUCHUMOCTh Ay, B UHTEPB JI& UMITYJIbCOB AEH-
TpoHOB 5-9 [®B/c o4eHp 3H YWTENbH W MpH yIJIe dMHUCCHH NMHOHOB O Mp I
Ayy MeHsdeT 3H K. B uHTepB e 3H 4eHHIl KyMyMATHBHOH nepeMeHHoi X. oT
1,0 mo 1,5 noBenenue BeqU4uHbl A, CYIIECTBEHHO P 31IMY €TCS IIPU BHEPIHAX 5
u 9 I'sB/c. 3H unTenbHBIH pOCT OCOTIOTHOU BETUYUHBI Ayy H OJItoj €Tcs TOJIBKO
npu 9 I'sB/c, 4to cKoppenupoB HO ¢ OOJNBIIMMH 3H YEHUSIMH IIONEPEYHOIO HM-
ynbC NHUOHOB Py npu 9 I'sB/c.

Ilockonbky p; sBHgeTCd BeOylled NEPEMEHHOM, yNp BIAIOLIEH [OBEJEHHEM
Ay, 4pe3BbId HO B KHO UCCIIeOB Tb HopeneHue A, Ipu OONBIINX 3H YEHHAX
p; (> 0,8 T'aB/c).

Henp uccnenos Huit H ycr HoBKe MAPYCS (pykosogurens A.A.b naun)
COCTOHUT B M3y9E€HMU PEIKHX MONIOPOTOBBIX KYMYISTHBHBIX IPOIIECCOB U POXIE-
HUS HTHM TEPUH C y4ETOM IOJISIPU3 UM CT JIKUB IOIIUXCS OOBEKTOB, U3BIIEYe-
HHUU COOBITHH 110 CTENIEHU UEHTP JIBHOCTH U INIOCKOCTH pe KIIMU H OCHOBE JIOIIOJ-

-+ O
-0
—0—-‘%—

—1—

Oz, 135 mpan
O 7, 180 mpax

Puc. 21. 3 Bucumocts Ay, OT NOIEPEYHOrO
UMITyJIEC TIHOHOB Py
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Puc. 22. TeH30pH $ H JIM3UPYIOLL 5 CIOCOOHOCTh Ayy K K (DYHKIHS KyMYJISTHBHOW Iie-
pemenHoil X npu ¢p rMEHT LMW JeHTpOHOB ¢ umiyibe MU 5 u 9 I'sB/c 1 mumensix H,
C, O u Be. Ing @ = 0° 10K 3 HBI WK JI UMIIYJIbCOB IIHOHOB ¢r WM IIK J MHHHUM JIbHBIX
BHYTPEHHHUX HMIYJIBCOB Kmin (Kmin — MHHHUM JIbHBIII BHYTPEHHHH HMITYJIbC K HYKJIOH
N; B IeiTpoHe, HeOOXOMUMBIN JIJIs POXJICHHS IUOH TIPH COOTBETCTBYIOIIEM X. B p MK X
npamoro Mex HusM B pe xuun N;N — NNT)

MAPYCA

Puc. 23. Cxem ycr HOBKM MAPYCS
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HUTEIBHOTO U3MEPEHHS MHOXECTBEHHOCTH M UIEHTU(UK LIUU AAEpHBIX (p I'MEH-
TOB, HE y4 CTBYIOLIMX BO B3 MMOAEWCTBUH. MccrenoB HuME T KHX MPOLECCOB BO3-
MOXHO TOJIBKO C IPIMEHEHHEM M THUTOONTHYECKHX CIIEKTPOMETPOB, MMEIOIINX
BBICOKMI KCENT HC U BBICOKYIO CEJIEKTMBHOCTh BTOPUYHBIX 4 CTHI. M TrHUTOON-
tuueckuil crekrpomerp MAPYCH Beenen B crpoit B 2002 r. CxeM ycT HOBKHU
MAPYCH npusegen H puc.23. 3pecs MI-M3 — cucreM MOHUTOPUPOB HUS
nyuk ; K100, ML17 — M ruutHble JuH3bl; SP57, SP40 — nurosibHble M THUTHI;
B — cucrem okpyxenus muiienu; PC — nponopuuoH JsbHele K Mepel; G, DM
n ZDC — CUMHTWUISLHOHHBIE TOAOCKOIIBI, AETEKTOP MHOXECTBEHHOCTH M IPOH-
HBII K JIOPUMETP.

Bpuid 1Mpo H JIM3UPOB HBI BKCIEPUMEHT JIbHBIE J HHbIE IO OJHOCIHUHOBBIM

H JIM3UPYIOUIAM CIIOCOOHOCTSIM TIPH POXIEHHH 7T -ME30HOB, MPOTOHOB M JIEN-

TPOHOB BO B3 MMOIEHCTBHUSIX IOJIIPU30B HHBIX IIPOTOHOB ¢ dHepruei 3,3 I'eB/c u

TEH30PHBIX MOIIPU30B HHBIX AEHTPOHOB ¢ 3HEpruer 5 ['eB/c ¢ yrmepomHoit murre-

HBIO H TIy4K X CMHXpod 30TpoH . H puc. 24 nmpuBoadrcs OCHOBHBIE PE3YyJIbT Thl
9TUX MUCCIIEIOB HUIA.

A Mmapyes, 2002
0,10 7 e P(25I9B)+C—>xa"26°
0,08 4 ® PQ5IB)+C—=p 26°
0,06
0,04 } %
0,02
0 %
0,02 1 f
0,04 1 }
0,06
0,08 |
_0710 T T T T T
600 700 800 900 1000
P, MoB/c

Puc. 24. Au nusupymow st ciocoGHOCTh Ay ISl BEKTOPHOTO IOJISIPU30B HHOIO MyYK

AH JTU3UpYIOIIHE CIIOCOOHOCTH B WHKITIO3UBHBIX CHEKTP X NPH B3 MMOJEH-
CTBUM NOJISIPU30B HHOTO MPOoTOHHOTO (3,3 [9B/c) u neiitponnoro (5,0 ['vB/c) nyu-
KOB C SIIp MH yIJIEpOJ W3MEPEHBI B UMITYJIbCHOM MHTEPB Jie 3 PErUCTPHUPOB HHBIX
g crun 0,6—1,2 I'3B/c mox yriom 26°. BugHo, 9TO B 3TOM U 1T 30HE WMITY/IECOB
BEKTOPH 1 H JIM3UPYIOII 5 CTIOCOOHOCTD IS 7T -ME30HOB I 1 €T M ISl IPOTOHOB
P CTEeT C YBEJIMYCHUEM UMITYJIbC Y CTHII.
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B 1 sbHelimem mpenro T eTcs MmpoposikeHue p 6ot mo npoekty MAPYCS
H HykjoTpoHe. ITok 3 HO, 4TO CyIIECTBYIOIINE UHTEHCHUBHOCTH IOISAPU30B HHBIX
MYYKOB HYKJIOTPOH JOCT TOYHBI JUIA IT HUPYEMBIX HCCIENOB HUI H YCT HOBKE
MAPYCHAL.

T K, H npumep, B gex 6pe 2003 1. H HYKJIOTPOHE YX€ H 4 TO DKCIIEPUMEH-
T JIbHOE MCCIIENOB HUE POXIEHMS HTUM Tepuu. IlomydeHsl nepsble 1 HHbIE 110
POXJIEHUI0 HTUIPOTOHOB U K -Me30HOB B pe kuusix p + Pb, p + Al. Cnenyer
MOAYEPKHYTh, YTO, KPOME TOTO, BTOPUYHBIE ITyYKH, IOJIydE€HHBIE H M THUTOOII-
tHyeckoM criekrpomerpe MAPYCSI, obecrieunB 10T 9KCIIEPUMEHT JIbHbIE YCIIOBHS
IUISL P 3BUTHUS U UCIIBIT HUS JETEKTOPOB HOBBIX THUIIOB.

3.2. H OmoneHne y3KHMX 3K30TH4YeCKHX pe30H HcoB. [locie yckopeHus H
cuHxpo¢ 3oTpoHe JIBD neiiTpoHOB ObUT CO31 H K H JI KB 3MMOHOXPOM THYECKHX
HEHUTPOHOB H OJHOMETPOBYIO XUIKOBOAOPOIHYIO K Mepy. [ nmomydeHus mydx
HEUTPOHOB KCIIOJIB30B JI Cb P& KLU CTPHUIIIMHI JEWTPOHOB H  JIIOMHHUEBOI
MHUILEHHU, P 3MEIIEHHON BHYTpU yckoputend [38]. K H J1 uMen yHUK JibHbBIE X -
p KTepucTuku (Ap, /pn = 2,5%, AQ, = 1077 cp, nerko peryaupyem s sHeprus
MYYK ), YTO MO3BOJIMJIO C BBICOKOH CTEIEHBIO H JI€XKHOCTHU BBIIEATH DKCKJIIO3MB-
HBIE K H JIbl p€ KLU np-B3 UMOAEUCTBUI U U3Yy4 Thb X X P KTEPHCTHKU.

IIpy H nMHU3e CHUMKOB C OJHOMETPOBOH BOJOPOAHOW M 4 CTHUYHO C JBYX-
METPOBOI NPOI HOBOW Iy3bIPHKOBBIX K Mep, OOIy4eHHbIX H CHHXPOQ 30TpOHE
Iy4K MU MOHOXPOM THUYECKMX HEHTpOHOB, rpymnmnoil ¢usukos JIBD nox pykosox-
ctBoM 10. A. TposiH  ObUTH OOH pYXEHbI DK30THUECKHUE THIIBI PE30H HCHBIX COCTO-
SHMI C M30TONMYECKUM ciHOM 5/2 B cucteM X ATTaT u A™7~, T Kxe HOBble
PE30H HCBHI, p CH 1 IOIIMECd H OB IPOTOH WM AB OTPUL TEIbHBIX IHOH .

Droii ke rpynnoil (pu3uKoB Npu H Jm3e (oTtorp ¢uil HEUTPOH-IPOTOHHBIX
B3 MMOJIEHCTBUI NPU UMITYJIbCE MOHOXPOM THUYECKHX HeilTpoHoB 5,2 I'aB/c Gbu10
YCT HOBJIEHO T KXK€ CYIIECTBOB HHME HOBOIO CEMENCTB HEU3BECTHBIX P HEe pe30-
H HCOB B CHCTEME 7T 7~ -ME30HOB C KB HTOBBIMH YHCJI MU 0o-M€30H . B aTOM ce-
MelicTBe H uOOliee CT TUCTHYECKM OOeCHeveHHBId pe3oH HC MpH M cce
757 MoaB/c? Buecen B 2000 . B T GIMIbI MEPOBBIX JI HHBIX 00 3J€MEHT PHBIX
y ctul X [39]. CyluecTBoB HUE T KMX ME30OHOB K K KB HTOB CK JIIPHOIO HOJIS
MPUHLMIN JIBHO B XXHO JUI TEOPHUHU.

P nee, B 1994-1997 rr., O. Opsixonos, B.Ilerpo u M. Ilongxkos [40] npex-
NOXuM p 3ButHe cxembl SU(3)-CHMMETPUM H COCTOSHHS C IIOJOXHTENbHOM
cTp HHOCTBIO S = +1. BBUIO MPOBO3IN IIEHO CYLIECTBOB HHE HTHACKYILIET
10, B KOTOPBIii BXOAAT COCTOSIHMS (T K H 3bIB €MbI€ NIEHT KB PKH), COAEPXK IIHeE
5 xB pkoB (uudds). B BepuiMHE HTHIEKYIUIET CTOUT ©-pe30H HC C M CCOi
M = 1,530 I'eB/c?, mmpunoii I' < 15 MsB/c?, runeps psagoM Y = 2, U30TONHU-
yeckuM cruioM I = 0, co cnmHom-yeTHoCThiO JT = 1/27F,

IIpenck 3 HHbIE CBOWCTB Y CTHLl M3 HTHAEKYIUIET T KOBBI, YTO MO3BOJISAIOT
MpAMOi TTOUCK 3(pheKTOB. DTO U Cp BHUTEIHHO HEOOJBIINE M CCHI, U JOCTYIIHBIE
U1 IPSIMOTO M3MEPEHUs LIMPUHBL. [UIoTe3 cH 4 1 04eHb NMojpoOHO 00CyXi -
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J Cb (M 10 cHX TOp 00CYX] €TCs) TEOPETUK MU, I03XKe MOSBUIICS LEJIbIH psil 9KC-
HEepUMEHT JIbHBIX p 60T. Tpu M3 H KX HCCIENOB TENbCKHUX IPYIII 3 HUM JIUCh
00p GOTKOH CT pOro ®KCIEpHUMEHT JIbHOTO M TEepH JI , MOJYyYEHHOTO B BKCIIEpH-
MEHT X H cHHXpo(d 30TpoHe. IIpn 3TOM ObUT 0OH pyXEH pe30H HC B CHUCTEM X
nK* um pK? ¢ M ccoii ~ 1,540 T'sB/c? u wmpunoii 3 < 25 MaB/c? u apyrue
pe3on Hebl B cucteme KOA.

B rpynme 0. A. TposiH wuccnenoB HO 0Op 30B HHE U CBOWCTB O PHOHHBIX
PE30H HCOB €O CTp HHOCTBIO S = +1 B cucteme n K+ B pe xumn np — nK K~
[PH UMITYJIbCE 11 I IOLIUX HEUTPOHOB Py, = (5,20 £ 0,12) ['eB/c. O6H pyxeH psng
0coOeHHOCTe B crieKTpe d((eKTHBHBIX M CC YK 3 HHOH cuctemsl [41].

H puc.25 npusBeneH oxH U3 BO3MOXHBIX
mu rp MM o0p 30B Hus pe3oH Hc O B cucreme n A
nK. B X

H puc.26 mpusemeHsl p crpemelieHHS IO K% K
atbpexkTuBHBIM M cc M nK T g u ubosee 3H -

YUMBIX Pe30H HCOB ¢ M cc mu 1,541, 1,606 u P o K
1,687 I'eB/c2.

IMox K XmpIM Tp (PUKOM MPHBENEHHI 3H 4Ye- Puc. 25. ON{H U3 BO3MOXHBIX Me-
HUA BHIOP HHBIX O M ¢c M K TK ™ 061 cTeil X HH3MOB OOp 30B HHS PE3OH HC
¥ YK 3 HBI TP HHIBI JOTONHHTENbHOTO orp Hu- 07 (uudds) B cucreme nkK ™+
YeHHs 110 yIJI M BBUIET BTOPHMYHOIO HEHTPOH
B 001eif c. . M. [IyHKTHPHBIMU JIMHUSAMHU H PHUCYHKE 0003H 4eHbI (DOHOBbIE KpH-
Bble. CIUIONIHBIE JIMHUM — TIPOKCUMHPYIOIIUE KPHBBIE.

B H crodiuiee BpeMs noarotosiaeH U pe Jjusyercs HoBelid npoekt HUC (B
corpyaaudectse ¢ JI 6op Topmeit ¢usuku u ctun OUAU), B p MK X KOTOpPOTO
npel T eTcs NMPOBECTH IOUCK T KMX OOBEKTOB H HYKJIOTpOHe. PykoBomutensamu
npoexkt HUC ssistores A. T JlutBunenko (JIBD) u E. A. Crpokosckuii (JI 6op -
topus ¢usuku 4 cruy OHMAN).

3.3. DKcnepuMeHTBI ¢ A1ePHBIMH YUK MH. [J1 BHOI I1€JpI0 ®KCIIEPHIMEHTOB
H ycr HoBKe CDEPA H cunxpo¢ 30TpoHe (mox pykoBoactsoM A. M. M 11 X0B )
ObUTO MCCTIenoB HUE (Pp TMEHT IIMU PEIATUBUCTCKUX SAEp B Ie€OMETpUH, Oum3-
Kol K 47. Hekoropsle HOBbIE [ HHbIE ObUIN IMOJYYEHBI C IIOMOLIBIO MEPEIHETO
JAETEKTOp YCT HOBKH, HEPEKpBIB I0IIEro ooyl cTh (p IMEHT MU SAp -CH PAA .
Bputi n3MepeHsl MHKITIO3UBHBIE CIIEKTPBI M 3 BUCHMOCTH CEYEHHS OT HOMEp Sp -
MUIIeHd A; 0 pe KUUU (p IMEHT LMK YCKOPEHHBIX IEHTPOHOB C UMITYJIBC MU
ot 7,3 no 8,9 I'sB/c B KymynsiTuBHblE 7~ -M€30HBL. IIOK 3 HO, UTO ®TH CHEKTPHI
1oo0HbI I Bcex ucnonib3oB HHbIX muinenei (H, He, C, Cu u Pb).

3 BHCHUMOCTb CEYEHHSI OT TOMHOIO HOMEp $Ap -MHILUEHU OK 3 JI Cb IepH-
epuueckoii mna A; > 12 (do, ~ A%*) u Gonee kpyroii B p iioHe BOIOPOIHOIL
mumern (puc.27). DT 3 BUCHUMOCTh OBUI OIMC H C y4eTOM B3 MMOIEHCTBUS
POXJCHHBIX TOHOB C HYKJIOH MU B Siipe-MHIIeHH. Jlydliiee onuc Hue I HHBIX 10-
JIy4E€HO B IIPEIINONIOKEHUH, YTO NIHH (POpMHUPOB Husl uoH [, = (3+1) dm [42].
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np — npK'K~

P,=520T3B/c

o 1,541 a | «, | L1606 6 o 6 1,687
Q i = S
2 30 @ | 2
< 6.8 S.D. =40 5:28.D. =
S A @] «
= = S 209
< 204 <301 =
>§ 20 ,§ 1:477 1,781 >§
E E A = E
a 3 )
© - O
g 504 | 1,870 g
2 g | 3 2101
5 104 5 5
51 151 N o
2 £ 107 R 2
3 7 5 S
&z g A ) Z
04 ; , ; 0 T T T ? 0 T T
1,428 1,628 1424 1,690 1,956 1,419 1,719
M+, TaB/c? M+, ToB/c? M, i+, TaB/c?
-0,70 < cos 0 -0,70 < cos @), < 0,70
2,05 < Mo < 2,15 2,10 < My < 2,24
224 < M yp <228 2,28 < My < 2,50 224 S Mg < 2,29

Puc. 26. P cnpenenenune s(pgeKTuBHbIX M CC

nKT- koMOuH 1wl u3 pe Kuun np —

npK T K~ npu uMiynsce HeHTpOHOB Py, = (5,20 4 0,12) T'sB/c: 1715 pe30H HC ¢ M ccoi

a) M = 1,541 TeB/c?; 6) M = 1,606 TsB/c?;

1. =(3,0£1)du

= 10

o E

= F

E L

o [

5} L

=

= |

o

N 0,9 <X <17
P +no

O 9 d+A4—nH0°)+ ...

TTTTT

1l Lol Lol 1

1 10 100 4

t

Puc. 27. CeyeHue poxXIeHUS KyMYJISTHBHBIX
[MOHOB K K (DYHKIMSI TOMHOTO HOMep Sip -
MuuieHu A;

KJIOHE U AAp X. KonnuecTBeHHBIE OLIEHKH

6) M = 1,687 I'sB/c?

B 1986-1992 rr. # 90-k H 1b-
HOM YEPEHKOBCKOM I MM -CIEKTpO-
merpe JIBD (X.Y.A6p wmsaH u jp.,
ycr HoBk  ®POTOH) O6but  BBIION-
HEH LUKJI 3KCIHEPUMEHTOB H IIyd-
K X CHHXpOd 30TPOH IO HHKJIIO-
3MBHOMY 00p 30B HHIO 7’-ME30HOB
B TIPOTOH-SJIEPHBIX M SIPO-SIEPHBIX
B3 MMOJIEHCTBUSIX BOJIM3U U 3 KHHe-
M THYECKOW TP HULEH I HYKJIOH-
HYKJIOHHBIX CTOJKHOBeHuH. IIpoBo-
AUMBIE 3KCIIEPUMEHTHl ObUIM H TIp -
BIIEHBl H HCCJIEJOB HHME IPOJOJIBbHON
U TONEePeYHOH KOMIIOHEHT HMITYJIbC-
HOTO p cCIpefesieHuss KB PKOB B HY-
BTHX KOMIIOHEHT ITO3BOJISIIOT OIIpesie-

JUTh X P KTE€p B3 UMONEUCTBUI KB PKOB H P CCTOSHHSIX, CP BHUMBIX C P 3Me-
p Mu HyKJOoH . Cp BHEHHMd YK 3 HHBIX p CIIpeleseHUIl B HyKJIOHE U P 3IMYHBIX
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SAp X TNO3BOJIFIOT OLIEHUTH POiib KOJUIEKTUBHBIX a(hdekToB B saupe. Kpome Toro,
LIETIBI0 [TPOBEJICHHBIX 3KCIIEPIMEHTOB OBLIIO BBIICHEHHE MEX HU3M POXACHHS Me-
30HOB BOJMM3M M 3 KHHEM THYECKOW I'p HHULEW Wi HYKJIOH-HYKJIOHHBIX CTOJKHO-
BEHUIA.

DKCHepUMEHT JIbH g 1 p Typ (puc.28) mo3Bosisia HU3MepaTh K K H Ip -
BJIEHHUs, T K M BHEPTUH Y-KB HTOB, OOp 3yeMbIX B PE3yJbT TE P CI JI 7 -ME30HOB.
IMoppobHoe onuc HUE YCT HOBKHU COfiepXHTCS B p 00T x [43-45].

Puc. 28. CxeM p cronoxeHus dKCIEPUMEHT JIBHOH I p Typbl: S1+Ss5 — CLHUHTHUIA-
LUOHHBIe cYeTunKH; C; — MOPOTOBBIA I' 30BBIH CUETYNK; A — CHUHTHULILUOHHBIN CUeT-
YUK, p OOT IOIMil B peXUMe HTUCOBN AeHWil; M — mumeHp; SH — rogockonuyeckue
CHMHTWUIIINOHHBIE cueTdnkd; Co — 90-K H JIBHBIH YEpeHKOBCKUI I' MM -CIIEKTPOMETp
U3 CBHHIIOBOTO CTEKII

YrnoBoit uHTeps J1 peructpupyembix m’-me3oHoB Af = +£16°, uro obecre-

YMB €T I I 30H IONEPEYHBIX UMITYJIbCOB, U3MEPSIEMBIX B OJHOM 9KCIIEPHMEHTE,
np xrtudecku ot 0 no 1 I'sB/c.

B npoBeeHHOM IMKJIE 9KCIEPUMEHTOB IOJIy4YeHbI ClIeIyIoIie OCHOBHbIE pe-
3yabT Thl [43,45].

1. Broepsble B OTHOM 3KCIIEpUMEHTE M3MepeHbl A-3 BUCUMOCTH HHB PH HT-
HOTO CceyeHus POXIeHHs 7O-ME30HOB K K JUIA SIP -MHIUEHH, T K M JUIA SIp -
cH psan . H Omon 51 cb HETpUBH JIbH S A-3 BUCHUMOCTH IS SIAP -CH PSiA : MOK -
3 Teslb CTeNeHu m B 11 p MeTpu3 wmu Ed3c/d3p ~ ADY, tie Ap —  TOMH s
M cc H ner womero a1p (a, C'?), noctur er 31 yenus 2,1 +£0,1 npu X = 1,9
(puc.29). Iepemenn s X H normdH nepeMeHHOI BrepkeH , HO ompenensercs ¢
Y4E€TOM KOHEYHOCTU M CC 4 CTHI], y4 CTBYIOLIMX B Pe KIMH, HWMEHHO M3 3 KOHOB
COXp HeHus dHepruu-uMmiyinse mist pe xuud X N; + Np = (X + 1)Ny + 7.
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1 1
2,2 0,5 0,9
X P2, (IB/c)?

Puc. 29. 3 BucuMOCTb cTenenu m B 1 p Merpu3 wun Ed o /d*p ~ AT, e A, — TomH 4
M cc H et fomero aap (o, C'?), or kymynatussoro wncn X (a) u or Pi (6). Ipen-
CT BIICHBI AyOHEHCKHE [ HHbIE, MOMyIeHHbIE H yrepomHoi ({>) u MenHoi (<)) MHUIICHSX.
Touku U], M — 1 HHble, noMy4eHHble B Bepkiii H  yIJIEpOAHOIl MUILIEHH, NP UMITYIIBC X
H JIeT omux sjgep coorserctBeHHO 1,8 u 2,9 [9B/c H nykion. Kpus s (6) p ccuutr H ¢
Y4EeTOM pOCT CpefHero 3H 4yeHus X 1o uHtepB Jy O, < 16° u Er > 2 I'sB B npearmnono-
KEHMM, YTO 3 BUCHMOCTM MHB PM HTHOIO CeueHHs oT P? juid ¢p IMEHTHDYIOLIUX S1ep &
u 2C omun KOBbI

IMosyyeHHble I HHblE YK 3bIB IOT H TO, YTO X P KTep Ap-3 BHCHMOCTH P C-
CM TpHB eMOro mporecc B o0n ctu 6, < 16° u E,; > 2 I'»B onpexpensercs B
OCHOBHOM BeJIMYUHON X | CJ1 60 MEHsIeTCs ¢ 3MEHEHUEM IOIePEYHOr0 UMITYJIbC
[MHOHOB.

2. H iigeHo ¢ KTOpU30B HHOE NPEACT BJIEHUE HWHB PU HTHOTO CEYEHUs pe-
ki p + C — 70 + 2 npu ummynsce 4,5 IsB/c, B 061 ctu Xr > 0,66, rme
Xrp — nepemenH 5 DeitaM H :

Ed*c)d®p = c(a — Xp)N®(P?), (38)

e a = 1,032+ 0,008; N = 2,79 + 0,13; ®(P?) = exp[—P?%/(0,10 £ 0,01)]
(P, B I'sBlc), npu x?/cren. cBo6. = 5,1/11. H iigeHHble 3 KOHOMEPHOCTH IO-
3BOJISIOT MHTEPHPETHPOB Th (yHKuMo P(P?) K K HMIyIbCHOE P CIIpejiesieHHe
KB DKOB B CHCTEME MOKOsI MPOTOH . T KUM 0GP 30M, CpPEAHHIl HMITY/IbC KB PKOB
B IIPOTOHE

(P,) = 320 MoB.

B p Mk x skcnepument IMBC H cuHXpod 30TpOHE IOJ PYKOBOACTBOM
10. JIykcTuHbIl  ObLIM TIOJyYeHBI HOBbBIE JI HHbIE O HCCIIENOB HUIO OOp 30B -
HHS THOEpBIfiep W 10 U3Y4eHHI0 BO3OYXJIEHUs OelbT -U300 p B sajape. YCT HOBK
I'YBC gBnsgercd M I'HUTHBIM CIIEKTPOMETPOM H OCHOBE CTPUMEPHOM K MEpHI ¢
p 3mep Mu 1,9 x 0.8 x 0,6 M. BecbkM wHHTepeceH pe3yiabT T MO H OJIIOICHUIO
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p cumpeHus 00beM , U3 KOTOPOro M3yd I0TCs y3KHMe NHOHHBIE I pbl B MgMg-
B3 umogeincteusax. M. H. Ilogropenxuii npemioXuil METOA U3MEPEHUSI CKOPOCTU
(u p 3MepoB) UCTOYHHUK HWHTEP(EPEHIIMOHHBIM METOIOM. DTOT METOH IO3BOJISET
MOTYYUTh HPSIMOE 3KCIIEPUMEHT JIbHOE JOK 3 TEeNBCTBO HECT IMOH PHOCTH O0B-
€M TIeHep LMM IMOHOB. DTO JIOK 3 TeJCTBO ObLIO BIEPBBbIE MOJYYEHO H YCT -
Hoske TMIBC B JIBD g nenrtp jasHbIx MgMg-B3 umoneiictsuii npu 4,4 I'sB/c
[46] u noznnee moxrBepxueHo kot 6op umeit NA49 B CERN H  yckopurene
SPS B CTONKHOBEHHAX diep CBUHI TpH sHepruu 158 [vB/HyKiI0H.

H puc.30 npencr BieH Koppensuud v
oeicrpor (Y = 05 In[(1 + B)/(1 — B)]) Lok
BIIEMEHTOB 00BeM  Ysource, M3IY4 IOLIETO ’ f
MMUOHBI, W OBICTPOT MHUOHHBIX T P Ygybset
B IPOJIOJIBHOM U TIIONEPEYHOM H IIp Bie- 0.5-
HUM OTHOCHUTEJIBHO OCH pe KLMH B cUCTeMe
nokos MgMg. U3 sKkcnepuMeHT JIbHBIX ob————————— % ______
I HHBIX BHAHO, Y4TO MHOHBI U3 P 37IMYHBIX
00J1 cTell KHHEM THYECKOro CIEKTp HCITyc- ¢
K I0TCSl P 3/IMYHBIMU BJIEMEHT MH HCTOY-
HUK , JBHXYIIAMHUCS JPYr OTHOCHUTEIBHO +
apyr . g ciyd s CT OMOH pHOro ucrod- — — LS|
HUK KODpEJSIIMM MEeXAy STHMH OBICTpO-

T MH JOJKHBI OTCYTCTBOB Tb. I I L !
. -1,5 -1,0 0,5 05 1,0
B cB3M ¢ HU3KOH CKOpPOCTBIO H OOp Y,

subset
I HHBIX 3KCIIEPUMEHTHI 10 W3y4YEHHIO TIH-
nepesifiep H CHHXPO( 30TpoHE ObUTH mpH- Puc. 30. Koppessiuus GbicTpOT a/1eMeH-
oct HoeneHbl. Komn 6op uus TUBC i -  TOB 06beM  Ysource, M3/y4 IOIIETO MH-
HUpYET IMPOJNOJIK Th ®TU HUCCIEHOB HUS H  OHBL M OBICTPOT MUOHHBIX I P Ysubset B
HYKJIOTPOHE, MydKH KOTOPOIO I03BOjIgioT [IPOAOJIBHOM (0) M NONEPEUHOM (o) H -
YBEJMYUTh CKOPOCTb H 6Op i HHBIX B 10 IIp BJIEHUU OTHOCUTEJILHO OCU P& KLUH
wii Gomee p 3. JONONHUTENBHOE yiydime- = o ome MOKOA MgMg
Hue H ¢ krop 10 Oyzmer mosiydeHo ¢ uc-
MOJIb30B HUEM IPONOPLIMOH JIbHBIX K MEp BMECTO CTPUMEPHOI K Mephl.

MgMg = -, 44AT>B/c

B p Mx x xomt 6op muu EMUOL ¢ moMoIipio 3MyJTbCHOHHOTO AETEKTOP C
BBICOKMM YIVIOBBIM P 3pEIIEHUEM H3MEPEH BOMUCCHUSI 3 PSKEHHBIX PENITUBUCT-
ckux (¢ B > 0,7) 4 cTuil B SOepHBIX B3 uUMojeucTBusix ¢ (Ag, Br) mia p 3-
HBIX SIep-CH PAmoB (OT KHUCIOPOH IO CBHHII ) B MHTEPB JIe UMITYIbCOB OT 1 10
160 A T'sB/c [47].

IIpoBeneH cucreM TUYecKuil (pyppe- H JU3 3UMYT JIBHBIX YIJIOBBIX CIIEKTPOB
BTOPMYHBIX 4 CTHIL U IOJy4eHbl YHUK JIbHBIE ] HHble 00 SHEPreTHYeCcKOH 3 BHCH-
MOCTH Il P METP U2, X P KTEPHU3YIOIIETO S/UTUNTHYECKUI OTOK 4 cTHLl. Pe3yns-
T Thl 3KCIIEPUMEHT MpPEACT BIeHbl H puc.31.
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Y2 | Kr+Ag(Br) (0,95 A I'B)
0.08 | oS +Ag(BI‘) (3,7 A F’)B)
’ Au+Ag(Br) (10,7 A I'3B)
|  Pb+Ag(Br) (158 4 B)
00 +Ag(Br) (3,74 15B)
0,04 | % Ne + Ag(Br) (3,3 4 T3B)
i .+t>
0 —
~ W Plastic Ball Au + Au
- i ® E895 Au+Au
—0,041 A E877Au +Au
B e v NA49 Pb + Pb
a0 0O C+ Ne
0,08 AC+Cu
Tl ¢ EOSNi+ Cu
[ | (| I [ |
100 10! 102

E]ab’ AT»B

Puc. 31. DHepreruyeck s 3 BUCUMOCTb II p METp V2 Ul HellepUepUYecKUX SIepHBIX
B3 UMOJICHCTBUH C TSXKEIbIMU aap MU (Ag U Br) sMylIbCMOHHOIO IE€TEKTOP U CP BHEHUE
C [l HHBIMU JPYTHX 9KCIIEPHUMEHTOB

DIUTMNTAYECKUI TOTOK Y CTUIl — y4 CTHHKOB COYJ PEHHUS MEHSET CBOW 3H K
NIpY 1yOHEHCKHUX DHEPrUsiX C MUHYC I HU3KHMX dHepruil (3¢pekT Bl BIMB HUS)
H IUTIOC IS YJABTP PEISTHBUCTCKUX DHEPrHil (IOJIOXHUTEIbHBINA DIUIMITHYECKHIA
MOTOK B IUIOCKOCTH P€ KILHH). DTO MOXET CIIYXHUTh IPEABECTHUKOM BO3MOXHOIO
¢ 30BOrO Mepexon  APOHHOM M TEPHU B COCTOSIHHE KB DK-IIIOOHHOM IUT 3MBI.

B skcnepumente BEKKEPEJIb 1 BhiBeenHOM mydke suep 9Li ¢ ummynscom
2,67 A T'sB/c 6bu1 c(popMHPOB H BTOPUYHBIN IMY4OK, comepx nuii ~ 1% simep
SHe u 99 % snep >H.

IMomy4ens! HOBBIE 1 HHBIE MO X P KTEPUCTUK M SIIEPHBIX B3 MMOIEHCTBHMA
SHe u mpoueccy nepes pagku sup “H B aapo *He ¢ moMombio saepHbix oTto-
aMysIbcuil [48]. 3 perucTpupoB HBI B3 MMOJCHCTBUS BHEIIHHX HEUTPOHOB SOp
SHe ¢ snp Mu ¢hOTOIMYIILCHM M MPOLIECC KOTEPEHTHOTO CPbIB BHEIIHUX HEWTPO-
nos sap SHe (puc.32). TpexmepHblii 06p 3 cOOBITHS GbUT PEKOHCTPYMPOB H C
nomouibio uamepurenbHoro Kommiekc PAVICOM B ®UAH (Mocks ).

Hzyuenne p cn g ropayux sgep, ©oHeprus BO30YXIEHUS KOTODBIX
400-600 MaB cp BHMM C IOJHOI ®Heprueil CBs3M sjp , ObUIO BBIIOJHEHO B
aKcrepuMeHT X H 4m-ycT HOBKe PA3A H BBIBEOCHHBIX YUK X PEISITHBUCT-
CKUX HPOTOHOB U JIETKMX MOHOB COBMeCTHO ¢ JI Oop Topueil auepHbIX mpobiiem
OUAU (pyk. akcniepument B.A.K pH yxoB). MccienoB Hue CBOWCTB OY€Hb IO-
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Puc. 32. CobbiTie B3 uMopeiicTeus aap °He B (hOTOSMYIbCHH C (bp TMEHT LMeH B o
y cruny (a). Tpek oT -4 CTULbI NPOCTIEXEH A0 €€ HEYNPYroro B3 UMoAeucTBus (0)

pSIuuX fgaep — OOH U3 UHTEPEeCHEeMINNX 3 ]I U COBPEMEHHOM siepHON (hU3UKH,
UMeIoLI 51 OTHOILIEHHE K mpobseme ¢ 30BbIX NIEPEXOAOB B SAEPHOM BEIECTBE.

H ycr HoBke MA3A Obuld H3yYeHBI NMPOLECCHl MHOXECTBEHHOH 3MHCCHU
¢p rMeHTOB mpoMexyTouHoi M cchl (3 < Z < 20), KOTOpble BO3HUK 0T IpHU
p ci e BO30YXIEHHOTO CIEKT TOp MHIIEHH B CHIBHO CHUMMETPUYHBIX COYI -
PEHUSIX TPU PETIITHBUCTCKUX DHEPIUSIX («JIETKHil» Iy9OK + TAXKe s MUIICHb, B
Il HHOM 3KCIIEPUMEHTE — 30JI0TO).

BrniepBsbie 10K 3 HO ®KCHEPUMEHT JIBHO, YTO Ul TFOPAYMX SIep, HOIyd eMbIX
H peATHBMCTCKHX Iyuk X p, *He, '2C, ucn peHue 4 CTHIl CMEHSIETCS MPOLIECCOM
TETJIOBOM SIIEpHON MyIbTU(P TMEHT UK. DTO HOBBI MHOTOTEJIBHBIN THUI P CII 1
BO30YXJIEHHBIX ffiep, IPH KOTOPOM IPOUCXOIUT MHOXECTBEHH § sMUCCHA (p I-
MEHTOB NPOMEXYTOYHOIl M cchl. OHH TdXellee -4 CTUL, HO JIerde OCKOJIKOB
nenenus. Ilpu aToM p ¢l I ropsSyux gaep NPOUCXOOUT MOCIE UX 3H YUTEIBHOrO
(IpUMepHO B TPU p 3 ) P CHUIMPEHUS 3 CYET TEIUIOBOIO J BJICHMUS.

[110THOCTB B MOMEHT p 3B J1 COCT BIISET IPUMEPHO 1/3 OT HOPM JIBHOM S1€ep-
HOU IUIOTHOCTU. DTO ClleQyeT U3 H JIM3 P CIPEIeNeHHs 110 OTHOCUTEIbHOU CKO-
POCTH COBIl [ IOIIMX (pp IMEHTOB IpU OOJIBIINX KOPPEISLUUOHHBIX YITT X U DHEp-
FeTHYECKUX CIEKTPOB (p I'MEHTOB. B TepMHMH X TepMOAMH MHUKHU 3TO O3H Y €T,
YTO Mepes p 3B JIOM SIpO OK 3bIB €TCS B CIIMHOJ JIBHOW 007 CTH, A1 KOTOPOH X -
p KTepH () 30B S HEYCTOMYMBOCTD CUCTEMBI XHAKOCTB—T 3. 3 cueT (IyKTy L
IUIOTHOCTU OJHOPOAH § 4A€pH 1 XHUIKOCTh NEpexXOoauT B CMechb XHUAKOW (suep-
Hble (pp I'MEHTBI) U T 30BOil (HYKJIOHBI) ¢ 3. Temmep Typ cUCTeMBI IIpU BTOM
CYILIECTBEHHO MeHbIle Kputudeckoil T, 1 ¢ 30Boro mepexoi XKHUAKOCTb—T 3 U
coct BiseT 5—-7 MaB [49]. Dt cuctem , H 3B HH 4 SAEPHBIM TyM HOM, p 3ie-
T eTcd IoJ AeHCTBUEM KYJIOHOBCKHMX CHII M PETUCTPUpPYeTCs K K MyJIbTH(D I'MEH-
T nus. BpUIo IOK 3 HO, YTO TEISIOB S MYJAbTHU(P I'MEHT L SBIseTcs () 30BBIM
nepexonoM (I pox ) XUAKOCTb—TYM H 14 SIEPHOI CHUCTEMBI, OK 3 BLIEHCS B CIH-
HOJI JbHOM 0051 ctu [50-52].

Bonee Toro, H OCHOBE H JM3 3 PSIOBBIX CIEKTPOB (Pp IMEHTOB MpOMe-
JKYTOYHOM M CChl ObUT OImpeleneH KpuTHieck s temrep Typ 1. s ¢ 30BOro
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Hepexoj XKUIKOCTb—T 3. 3 psimoBoe p crperelnienue gp rMenToB Y (Z), uamepen-
HOE IJIl pe KLUUHU NPOTOHOB ¢ 3Hepruei 8,1 3B ¢ gaup mMu Au, H JIM3UPOB JIOCH
B P MK X CT TUCTHYECKOW MOXEIH MyIbTU(P I'MEHT LUM C KPUTHIECKOH TeM-
nep typoit T, B pomu cBobomHoro 1 p merp . P copenenenne Y (Z) npu aTom
HITPOKCUMUPYETCS CTENEHHOH 3 BUCUMOCTBIO Y (Z) ~ Z~ 7. B pe3y/ibT Te moiy-
YeHO 3H YeHHe KpUTuyeckoi temmep typol T, = (17 + 2) MaB .
Komn 60p 1ueit ®A3A 1oarotosieH Mporp MM  OYIyIHInX DKCIEPUMEHTOB
H HYyKJIOTPOHE.

4. ®DU3NYECKHUE PE3YJIbTATBI, IIOJIYYEHHBIE B
OKCIIEPUMEHTAX HA HYKJIOTPOHE

4.1. DKcnepuMeHTbl H BHYTPeHHHX NMYYK X HYKJIOTPoOH . [lepseie ¢u3zu-
YecKhe DKCIIEPHMEHTHl H HYKJIOTpOHe H 4 jmch B 1993 1. [53, 54]. Omua u3
DTUX DKCIIEPUMEHTOB H BHYTPEHHHX Iy4K X HYKJIOTPOH ObLJ BBIIIOJIHEH C IIOMO-
mpio yer HoBkM CKAH-1 (criekTpoMerp KyMyJsTUBHBIX JIPOHOB H HYKJIOTPOHE,
pyk. C.B. Ad H cbeB). Llenbio akcriepuMeHT ObUIO M3MEPEHUE MONEPEYHOro p 3-
Mep 0OJI CTH SAPO-S0CPHBIX B3 MMOIEHCTBUI C POXIEGHHEM KyMYJIATHBHBIX U -
cTul. I ®TOro HCIONB30B JICS METOH U3MEpeHHs KOpPeauuid KyMyIsSTHBHBIX
MPOTOHOB-(P TMEHTOB MHIIEHH C M JIIMA OTHOCHTEJbHBIMH UMITYJIbC MH [55].
CxeM ycT HOBKM IpuBefeH H puc.33.

Py

>

IZ] B, BryTpennuii

Iy40K

Puc. 33. Cxem ycr nosku CKAH-1
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CUUHTUIISIMOHHBINA JBYXILJIEUEBON CHEKTPOMETP IO3BOJISNI PETUCTPUPOB Th
IB MPOTOH B UMIYJbCHOM au I 30He 0,28-0,72 I'sB/c u 1npu OTHOCHUTEIIBHOI
P 3HOCTH HMITY/IbCOB JBYX IIPOTOHOB ¢ = p1 — p2 < 0,2 T'eB/c. Herexropsl Py, Py
n P3 ncnons30B much A1d BBIP OOTKH TPUITEPHOTO CHIH J1 M ONPEAESICHUS Bpe-
menu nposner (TOF-cucrem ), P4 — g perucTp uuu KMHETHYECKOW DHEPruu
y crtul U P — 171 BblieNieHNd BBICOKO®HEPTHYHbIX 4 CTHILI, MPOLISIINX Yepes3
Bce ciou BewecTB . CriekTpoMeTp ObLT ycT HOBJIEH mox yrn mu 6 = 106—112°
OTHOCHTENIBHO OCH MyYK . 16-K H JIBHBIA COMHTWUIIHUOHHBIN rogockon Hyy, mpo-
CM TpUB IOLIMH yIIOBOM I 1 30H 15—30°, MCHONB30B JICS JUIS CENeKUUH MpH-
nenbHOro m p merp . JIB  tpoiHeix Monutop Fj u Fpr, ycT HOBIEHHBIX IO
yor Mu 32° 1 68°, ObUIM MCIIONB30B HBI I MOHUTOPUPOB HHSI CBETHMMOCTH.
Brutn u3MepeHs! KOppessIlMOHHbIe (PYHKIMHM IPOTOHOB, UCIYLIEHHBIX B CO-
YA peHUSIX NPOTOHOB U AEUTPOHOB C p 3HbIMU MueHsMH (C, Cu) npu M JIbIX
OTHOCHUTEIIbHBIX MMITYJIbC X ¢. B pe3yapT Te ®THUX M3MepeHWil ObLIN MOITyYeHbI
NPUOIM3UTENIBHO OIMH KOBbIe p AUychl B3 UMopeicTsusd mii d+C — p+p+ X
ud+ Cu— p+ p+ X npoueccos npu 2 ATsB/c, p Bbie r4c = (3,0+0,5) dm
U rgcu = (3,0 £0,5) dm [56]. Tlosxe ObUIO IOK 3 HO, YTO P AUYC OBI CTH
®MHUCCUH HE 3 BHCHUT OT THUII Y CTHLBI-CH PsiJI , HO 1 60 p CTET C yBEeIUYEeHHEM
YITT U3MEpEHHUS.
B mepBbIX 9KCIIEpUMEHT X H HYKJIOTPOHE OBUTH T KKe IPOBEICHBI U3MEPEHHS
C MOMOILBI0 MHOTOK H JIBHOTO (2 X 16 K H JIOB) YepEHKOBCKOIO Y-CHEKTPOMETP
u3 cBuHIOBOro creki (ycr HoBKk ®OTOH-2, puc. 34). Lenbio 3TUX U3MEpEeHU
Obl1 OLEHK (DOHOBBIX YCIIOBHIl M M3y4eHHEe BO3MOXHOCTEH pervctp muu 7'- u
7)-ME30HOB B ®KCIIEPUMEHT X H BHYTPEHHUX IIy4K X HYKJIOTPOH . B pesymsr Te
H JU3 7 HHBIX ObUIM H HAEHBI ONTHM JIbHBIE YCIOBHS OTOOp CHUTH JIOB M HO-
K 3 H BO3MOXHOCTb H J€XHOH MIEHTU(MK MM 7°- U 1)-Me30HOB. B H crosiee

/ YepeHKoBCKHI
raMma-creKTpoMeTp

X
BuyTpeHHsis ya
MHIIEHB ‘/ -~

CHUHTHUIAIIOHHBIC
Buyrpenuuit TOJIOCKOIIUYECKHE ()
IIy40K HYKJIOTPOHA CUETYHKU

Puc. 34. CxeM p cHonoxeHHs 3KCIIEPUMEHT JIbHOH M p Typel ycr HoBku POTOH-2

43



BpeMs H 4 Thl DKCHEPUMEHTHI 110 H 60Opy (u3ndyecKoil HH(POPM LMK H BHYTpEH-
HHUX MyYK X MPOTOHOB M SIIEP.

C
2500 "7

2000 ﬁ%

;@ 1500 ﬂ' %
& 1000+ } !
U 502_ : }THTT } #ﬁ %;Eﬁﬁﬁi v
- T [T =
o0 ] i ﬂ{# {
~1000 . . . . .
0 200 400 600 800 1000

M,,, M>B

Puc. 35. P cnpenenenue 1o a¢hpexTHBHOI M cce oI PHO CKOMOMHUPOB HHBIX 7y-KB HTOB
3 BbIYeTOM (hoH . DOH IOIydYeH ITyTeM KOMOMHUPOB HUS CIIyd HHO OTOOp HHBIX Y-KB HTOB
U3 p 3HBIX COOBITHH (IIepeMeIlB HUEM)

H puc. 35, 36 npexct BieHsl 1 HHbIE, MoyydeHHble H ycT HoBKke @OTOH-2
H BHYTPEHHHX Iy9K X HYKJIOTpOH (pykoBomutenb X.Y.AOp MdH).

H pwuc.35 mpexnct Biuensl p copeneneHus 1O 3(p¢eKTUBHON M cce I p
7Y-KB HTOB (3 BBIYETOM (DOH ), 3 PErUCTPHUPOB HHBIX YCT HOBKOH B pe KIUIX
p+ C — v+ v+ x npu uMnyabce H jeT omux nporoHos 5,5 I'sB/c. K k
BUJHO M3 PUCYHK , H YCT HOBKE H J€XHO BBIIEISIOTCS CHUTH JIbl OT P CH JOB
79 — vy (M = 135 MaB) u n — vy (M = 547 MsB).

H puc.36 npenct BIeHO OTHOLIEHHE BBIXOAOB I P 7y-KB HTOB B HUHTEPB JiE
M cc 530-570 MaB, 06p 30B HHBIX B pe Kiuu d + C — v + v + x (Ipu uM-
y/bce H JIeT IouX AeUTpoHoB 2,8 [9B/c H HYKJIOH), K H JIOTUYHBIM BBIXOA M
B pe xuuu p + C — v + v + = (npu umnysbce npotoHos 5,5 [9B/c), B 3 BucH-
MOCTH OT 3HepruM F.; + E.3. CTpenkoil yK 3 HO 3H YEHHE SHEPIUM 7)-ME30HOB,
COOTBETCTBYIOIIEE 3H YeHuIo nepeMenHoil X = 1 g pe xuuu d+C — n+z. Ile-
pemeHH s X ompeneneH U3 3 KOHOB COXP HEHHS HEPIUH-UMIIY/IbC I pe KUK
XN;+Npr =(X+1)Ny+n. 31 yenue X = 1 COOTBETCTBYeT KHHEM THYECKOU
Ip HULE AT HYKJIOH-HYKJIOHHOTO CTOJIKHOBEHUS.

K k BunmHo u3 puc. 36, npu nepexone B 061 ctb X > 1 (001 cTh pOXAeHUS
MOANOPOTOBBIX 7)-ME30HOB) H PYII €TCSl PEXHUM 3KCIIOHEHLM JIbHOW 3 BHCHUMOCTH,
TOrA K K T8 BBIXOZOB 7’-ME30HOB (CM. puc.37) SKCHOHEHIM NMbHBIH peXuM
coxp HsieTcs BO Bceil 06 ctu X > 0,6 (1 HHbIE, MOJyYeHHbIE P Hee B IUKJIE
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Puc. 36. OTHolIeHHE BBIXONOB I P y-KB HTOB B MHTepB je M cc 530-570 MaB, o6p 30-
B HHBIX B pe Kuu#t d+ C— v+ v+ (Ipu UMIy/bCe H JIeT IOLMX JedTpoHoB 2,8 ['eB/c H
HYKJIOH), K H JIOTHYHBIM BBIXOJ M B pe Kuuu p+ C— v+ + x (Ipu UMITyJIbce IIPOTOHOB
5,5 I'sB/c), B 3 BUcUMOCTH OT 3Hepruu F.1 + E

10" ¢
i °. 6 —C+C
0 [ o —a+C
< 10 g o —d+C
by r
E [
g 107
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§' [
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A F N
8 [ = k]
103k
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Puc. 37. IuB pu HTHbIE CEYEHUS POXIEHUS w0-Me30HOB B 3 BHCHMOCTH OT X TSI pe Kuui
(d, @, C) 4+ C npu ummynsce H ser fomux suep 4,5 [9B/c H HyKIOH

akcriepuMenToB H ycT HoBke @POTOH H myuk x cuaxpod 30TpoH [43,45]).
T kum 06p 30M, HOMYYEHO YK 3 HHE H CYLIECTBEHHOE p 3JIMYHE B MeX HU3M X

POXACHUA 7TO " 7)-ME30HOB B 4pO-ANCPHbIX B3 UMOJICHCTBUSIX B HO)IHOpOFOBOﬁ
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o611 cru. Ilpens puTesabHO TO MOXKET OOBSCHATBHCS CYIECTBEHHBIM BKJI JIOM B
o0p 30B HHE 7)-ME30HOB HYKJIOHHOTrO Bo3Oyxmenuss N*(1535), p cm a toruerocs
B 0cHOBHOM (30-55 %) H HYKJIOH H 7)-ME30H.

Yer noBk JEJIBTA-2 (pyk. A.B. Kypenun u B. A.Kp cHoB) 6bu1  rcnosns-
30B H [UISl UCCIIENOB HUSI y3KOH PE30H HCHOH CTPYKTYpbl B pe KLHMU POXIAEHHs
MHOHOB H sAp X 1pu aHepruu ~ 350 AMasB H BHyTpeHHeM IyyKe HYKJIOTPOH .
HecmoTpst H K XyIIyrocsl MPOCTOTY 3KCIIEPUMEHT [0 M3MEPEHUI0 MHKITIO3UBHBIX
CHEKTPOB IMOHOB HCCJIEA0B HHME Y3KOM PE30H HCHOW HOM JIMM B (DYHKLHH BO3-
OyXIeHUd OK 3bIB €TCs JOCT TOYHO CJIOXHBIM. OCHOBH § TPYIHOCTB — 9TO 0bec-
NeyeHre M3MEHEHUsl BHepruu nydyk dvepe3 1-2 MaB ¢ 1ocT TOUHON TOYHOCTBIO
okoio 0,1 MsB, npuyem xoTst ObI B OJHOM TOYKE HEOOXOAUMO 3H Th OCOIIOTHYIO
DHEPIHUIO IMyUK .

B 2004 r. 6buti H 4 Tl p OOTHI 10 CUCTEM TUYECKOMY U3YYEHHUIO I HHOIO
a(eKkT pe30H HCHOTrO YCWIICHHS BBIXOA ITHOHOB B IIPOTOH-SIEPHBIX U AEHTPOH-
SIEPHBIX pe KUusix. M3MepeHHs: NpOBOMWIMCH H BHYTPEHHEM ITydKe HYKJIOTPOH
IIPU UCIIOJIBb30B HUM MUILNEHEH W3 cepedp , Mei, JIOMUHMS U YIJIEpOX B Te-
YyeHue JIByX ce HCoB B M pre u uioHe 2004 r. B nerHem ce Hce ObLT BIEpBbie
HCTIONIB30B H HOB 5 BepcHd BHYTpeHHe#l mumenn (puc.38).

Cxem ycr HoBKHM JJEJIBTA-2 u mpens puTenbHbIE pe3ylbT ThI 9KCHEPUMEH-
TOB npuBeneHbl H puc.39 [57, 58]. g OTHOCUTETHbHOIO KOHTPOJISI MHTEHCUB-
HOCTH BO BpeMsi p OOTbI HCIOJIb3YETCs TENIECKOIl U3 JIByX MOHUTOPHBIX CYETYNKOB
M1, M2, ycT HOBJIEHHBIX BOJIM3U MUIIEHHOW CT HIIUH.

Puc. 38. Bux cBepxy H HOBYIO BHYTPEHHIOI0 MUILIEHb HYKJIOTPOH
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a March and June 2004 Nuclotron runs, o

Pion yield for C, Al, Cu and Ag targets for
proton and deuteron beam near 350 MeV
0.13 bombarding energy

AC 0.12

Online data, very preliminary!
Registration angle 73°

Nuclotron . Lines — B-spline
tunnel wall o 0.11 P
< .
- &
g 0.10 d+Ag \\ :
Target station é 0.09 P Ll =
Nuclotron ~ p+Cu
beamdirection 2 0.08
S ;‘ 0.07 d+Al
S o
|- . & 0.06 —
Pl = Nuclotron
?;,%Iélr diagnostic f C?!\ magnetic elements 05 p + Cu, March 2004
‘ mi” & 0.04
%111’{%2’ m3 — nilfoﬁit%r counters 112 m3 ' 1 1 P T < Mafflh 2004 I
, T2 — time-of-flight counters TR TR TSI N NSRS BR
ST — 14 layers plastlgc scintillation spectrometer 320 330 340 350 360
AC — anticoincidence detector Beam particle kinetic energy, MeV/nucleon

Puc. 39. ) Cxem ycr HoBku [JEJIBTA-2, 6) BBIXOIBl MOHOB BO B3 UMOIEHUCTBUSX IpO-
TOHOB U JICHTPOHOB C P 3HBIMU MHIICHSMH B 3 BUCUMOCTH OT DHEPIHU Iy4K

I perucTp WU BBUIET IOIIUX M3 MUIISHU HMHOHOB IO yIIoM 73° CIyXHuIio
wieyo cnektpomerp 3 psxkeHHbix u ctun; TC1, TC2, ST, AC. Hderekrops TC1
n TC2 o6p 3y0T BpeMsposieTHbIN criekTpomerp. s onpeneseHus KMHETHYe-
CKOH ®HEpruM M WACHTU(UK UM TUH Y CTHIBI COBMECTHO C BPEMSIIPOJICTHBIM
CHEKTPOMETPOM HCHOJIB3YETCs CIOMCTBIM CHMHTWUISLMOHHBIA CIIEKTPOMETP ITOJI-
Horo norouienus ST. Jerekrop HTucoBn AeHUil AC, yCT HOBJIEHHBIM H BBIXOJE
CHEKTPOMETP , CIIYKMT JUIsl OTp HUYEHMSI p OOYero v I 30H HM3MepseMbIX DHEp-
TWil 3 PSKEHHBIX 4 CTHL 10 OOJ CTH IOJIHOTO IOIVIOLIEHHs NPU HOHU3 LIUOHHOM
TOPMOXEHUU B M TEepH Jie CHEKTPOMETP .

Bunno, uro s Gonee TAXenbIX MumIeHel, H yuH o ¢ Cu, HOSBISETCS Y3KUH
M KCHUMYM B 0071 cTH 3Hepruu mydk 350 MaB/HyKiI0H. DTO 03H 4 €T, YTO 1 HHBII
3(hpeKT MOXET UMETh SAECPHYIO MPHUPOY.

B 2005 r. usMepeHus NpomoyikK JHUCh C LIEIbl0 MPOBEPKU 3TUX A HHBIX. Bbin
W3MEpEeH BBIXOJ MMOHOB M0oA yriioM 73° ripu 60MO pIupoBKe MHUIIEHU Ag IyYKOM
neitpoHoB ¢ aHepruamu ot 320 mo 360 MaB (puc.40). Buano, uro »Tu npen-
B pUTENIbHBIC 1 HHBIE NMOATBEPOWINM H JIMYHE PE30H HCHOW CTPYKTYPHI B BBIXOE
IIHOHOB B p€ KLHU JACUTPOHOB H TAXEIOU MULIECHMU.

st oObsicHenus H Omiof eMoro agekT TpeOyITCs JONOIHUTEIbHbIE DKC-
NepuMeHT JibHble J HHble. B 2006 r. 1 Hupyercd u3y4uTh 3TOT ahdekT Oosee
JeT JIBHO JUISl P 3JIMYHBIX MHUIIEHel, 60MO pIUPYIOIIMX Y CTHUIl U YIJIOB HCIYCK -
HHS THOHOB.
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1

DKCHEepUMEHT JIbH 1  TPOrp MM 0,055
npoekt JIHC Bxitou et usmepenus ce-
YEHUI, BEKTOPHOU M TEH30pPHBIX H JIU-
3UPYIOIMIUX CIIOCOOHOCTEH B dp-ympyrom
p ccesHUM U B pe KUUM P 3B J1 Jell-
TPOH B dp-B3 MMOAEHCTBUU B 001 -
CTH KUHETHYECKMX BDHEpruil NedTpoH
ot 300 no 500 M3B. Ileps 5 ¢ 3 3Kc-
nepuMeHT ObUT  BBINOJHEH IOA pY-
kosogacTeoM B.IL.JI gpirun H  yckopu-
tesnibHOM KoMmiuiekce RIKEN B Snonuu
IIPU DHEPrUU NOISIPU30B HHBIX JEUTpPO-
HOB 270 M»B. B 2005 r. HOBBIE BKCHE- -
PUMEHT JIBHBIE I HHBIE O P 3HBIX IOJIA-
pH3 LHMOHHBIX X P KTEPHUCTHK X, U3Me- 0,035 — 340 360
pennbix B pe kuun d + d — *He +n TH, 4 MoB
(puc.41, ), ObuH OIMYOIUKOB HBI B [59,

60]. Msmepenust  ObUTH - BBITOITHEHBI Puc. 40. OTHOCUTENBHBIIA BHIXOJ MHOHOB B

C BBICOKOH TOYHOCTBIO, YTO TMO3BO- pe kumsx d+Ag B3 BUCHMOCTH OT SHEPIHH
JIUT JUCKPUMHUHUPOB Th P 3/IMYHBIE MO- myuk , O, = 73°

A€My TPeXHYKJIOHHOTO CBA3 HHOIO CO-

CTOSIHMS 10 BHYTpEHHero uMnysibc HykjioH 600 MaB/c. Drtu uccnenoB Hud 1 -
HUpyeTCd NPOJOJIKUTh H MYYK X IOJIIPU30B HHBIX JEHTPOHOB YCKOPUTEIBHOIO
komiuieke JIBD B p Mk x HoBoro npoext pHe3 (p 3a.5).

B 2005 r. mopucunupos HH 51 ycr HOBK JIHC Gbut 0OsiydeH H BHYTpEeH-
HEeM Iy4ykKe HYKJIOTPOH TMOJISIPU30B HHBIMM AEUTpOH MU (puc.41,6). OgHoil u3
Leneil 9KCIepUMEeHT SBHJIOCH HCCIEN0B HUE HOM JIBHOTO YIJIOBOTO MOBEIEHUS
dp-ynpyroro mHonepeyHoOro cedyeHus, KOTopoe H 3B HO p cxoxjueHueM C r pbl.
D10 gBIEHHUE OTP X €T TOT 3KCIIEPUMEHT JIbHBIN ( KT, YTO COBPEMEHHBIE HYKJIOH-
HYKJIOHHBIE MTOTEHLIX JIBI HE MOTYT BOCIIPOM3BECTH IMOBEIEHHE IIONEPEYHOrO ceve-
HUS B AEUTPOH-IIPOTOHHOM YIPYroM p ccedHun BOmm3um 120° B cmcreme LEHTP
M cc. TonabKo y4er BKJI A TPEXHYKJIOHHBIX CHJI IO3BOJISET MOJyYUTh COINT CHE C
9KCIIEPUMEHT JIbHBIMU JI HHbIMU. BiMgdHME TPeXHYKJIOHHBIX CHJI H 9TO SBJICHUE
uccnenyercd H ycr Hoske JIHC.

Hosble 1 HHBIE 00 yIIIOBOW 3 BUCUMOCTH YIIPYTOro dp-p ccestHUS ObLIH MOITy-
YEHBI [IPY BHEPIUAX MOJIAPU30B HHbIX AeiiTpoHoB 270, 880 u 2000 MsB. I HHble
npu 270 MaB ObuiM HyXHBI ISl Cp BHEHHS C HW3MEPEHHSMH, BbIIIOJHEHHBIMU
p sbite B RIKEN mpu T Koii Xe sHepruu gedtpoHoB (puc.42, ).

Bunno xopouiee coBll AeHUE PE3YJIbT TOB U3MeEpeHull, NposeseHHbIX B RIKEN
u B JIBD OHAHN.

Ilpens putenbHbIE Pe3yNnbT THl H3MEPEHHIT YITIOBOI 3 BUCUMOCTH A,y B 00N -
ctu p cxoxaenus C r pol npu 880 MoB npusenenst H puc.42,6. AH JIOorud-

0,045

T

OTHOCHT. BBIXOJ] THOHOB
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Puc. 41. ) YIIoB s 3 BUCHUMOCTb BEeKTOPHOM (Ay), TeH30pHBIX (Ayy) U (Azz) H aH3H-
pylomux cnocoGnocreii B pe kuun d(d,*He)n npu 270 MaB. 6) Bun nocienueii Mo-
muuk nun yer HoBku JIHC H  BHyTpeHHeM Iyuke HYKJIOTPOH . CT HIMS BHYTPEHHHX
MHUIIEHEH OKpyXeH 30 CHMHTWUISIIMOHHBIMU AETEKTOP MH, P CIIOJIOXEHHBIMH B YEThIPEX
TTOCKOCTSIX

HbIe JI HHblEe, mosydeHHsle npu sHeprun 2000 M»B, H Xxomsdrcs B CT aum 00-
p GoTKH.

4.2. DKcnepuMeHTbl H BbIBEGHHBIX My4YK X HYKJIOTPOH . H ycT HOBKe
CTPEJIA (pyk. B.B.T1 rones u H. M. IIuckyHOB) npeanon r ercd NpoBECTU U3Y-
YeHHUEe CIHMHOBO-3 BUCUMOH 4 CTM HYKJIOHHOHM MIUTUTYABl P CCESHHUS B 3 PAMO-
BO-OOMEHHOM TIIpoliecce mp — pn H BBIBEIEHHOM IIydykKe JIEHTPOHOB HYKIIO-
TpoH . Ilpum HymeBoil mepen 4e uMIyabc IupepeHL JIbHOE CeueHue pe K-
i dp — (pp)n ompemensieTcsl CIHH-(DIUIMOBOM Y CTBI0 MIUTUTYIObI 3 PSIOBO-
0OMEHHOTO TIpoLecC np — pn.

H BO3MOXHOCTb INOJTy4eHHs AONOIHUTENBHONH MH(OPM MU 00 MIUIMTYIE
3JIEMEHT PHOU pe KIMU Mepe3 PSAIKU np — pn Yepe3 U3MEepeHHe pe KLUH IHepe-
3 pSAOKHM B KCIIEPHMEHT X C HEMOJIPH30B HHBIMH JEHTPOH MU OOp THIM BHHM -
Hue eme A.Bb.Murn i [61] u H. 5. Tlomep Huyk [62]. CxeM COOTBETCTBYIOLIUX
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Puc. 42. ) An nusupyouue crocobHoctn Ay u Ay, dp-ynpyroro p ccesnust B 001 -
cta p cxoxnenus C r pel npu dHeprud AeidTpoHos 270 MsB (nipens puTenbHbIE 1 HHbIE).
0) Ayy dp-ynpyroro p ccesHus B 0071 ctH p cxoxueHus C T pbl IpU DHEPTHHU JSUTPOHOB
880 MsB (mpenB putenbHbIE 1 HHbIE)

MPOLIECCOB B P MK X MMITYJIbCHOTO MPHUOJIMKEHUsS MoK 3 H H puc.43: a) pe-
KIMS Tepe3 PSAIKM H TPOTOHE np — pn U 6) pe KUMs Iepe3 psiiku H Jeid-
tpote dp — (pp)n. BeprHK JibHbIE CTPEJKH IOK 3bIB 10T H P BIEHUE CIIUHOB
HYKJIOHOB.

a
Bunno, uro B mnepsoM ciyd e (a) obe 0 //O”r

OpPHMEHT MM CHOHMH P 3pelieHbl, HO BO BTO- n O— > @ ———»@ N1/ |
pom ciyd e (6) Opd M JIBIX YOI X BBUIET ! P
ABYX IPOTOHOB (C M JIBIM OTHOCHTEIIbHBIM UM- On 6
MyJIbCOM) pe KLU Hepe3 psSiaKu IMPOUCXOTUT ) /( ' r'
TOJIbKO B CJTy4 € [IOBOPOT CIHMH (M3-3 NpHH- © T’ .p[7>. U
mun  IT ymu). T xum o6p 30M, IEHTPOH SIBJIS- ® @
eTcs cBOeOoOp 3HBIM CITUHOBBIM (PHIIBTPOM. Py

C 2001 r. ObUIO HPOBEIEHO HECKOJIBKO
Meroguyeckux ce HcoB. T K, H npumep, B
2003 r. ¢ nomouisio ycr HoBku CTPEJIA npo-
BEJIeH dKCIEPUMEHT, B KOTOPOM HCIOJIb30B -
JIUCh TyYKH JEUTPOHOB C HUMITYJIbC MU 3,5 U
4,0 I'sB/c (puc.44, ). BeiBeieHHBII IIy4OK AECUTPOHOB B3 MUMOIEMCTBOB JI C XUJI-
KOBOJOPOAHON MHIIeHbl0 T, IepBUYHBbIE AEHTPOHBI OTAEISUIUCH OT BTOPUYHBIX

Puc. 43. Pe xuud nepes psaxku np —
pn B p MK X HUMITYJbCHOTO IpPUOIH-
KEeHHs
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Yy cTul H jusupyommMm M rHutoM M. TloTok mydyk [edTpoHOB u3Mepsicd ¢
[IOMOIIbI0 MOHU3 LIMOHHOH K Mepsl IC.

M a

IC T

e 1 ey

PC, S

DT,

DT,

C, o )

Puc. 44. ) Cxem ycr HoBku CTPEJIA. 6) Ilpumep coGbrtHii ¢ OByMs IIPOTOH MH B
IpeiidoBbIX TPYOK X

CuuHTUIIAIMOHHBIe cyeTyuku S1 u S2 ucnonb30B JIUCh AT ONpesiesieHus
YIJIOBOTO U UMITYJIBCHOTO KCEINT HC U Wi (hopMUPOB HMS Tpurrep cobsitus. C
LEJbI0 PETHCTP LIMU OfHO- M JIBYXIPOTOHHBIX COOBITHIA MCIIOJIB30B JIMCh Apeido-
Boie TpyOku DT1-DT4 1 MHOronpoBOJIOYHbBIE MPOMOPLHOH JibHbIe K Mepbl PCI,
PC2. YepeHKOBCKMI1 CUETUUK C KB PLEBBIM M3J1y4 TEJIEM CIIYXWI VIS I1OJ BIEHUS
BBIXOJ IMHOHOB. CXeM peructp UM COOBITHI C JBYMs IPOTOH MU IPEACT BileH
H puc.44,6.

B skcnepumente CKAH-2 (pyk. C.B. Ad H cbeB) 1 HUPOB JIOCh HCCIIENO-
B HHe (p IMEHT LM snep Aeiitepus ¢ oOp 30B HHEM ABYX KOJUIMHE PHBIX IPO-
TOHOB C M JIBIMH OTHOCUTEIBHBIMH UMITYIIbC MU 0 < ¢ < 50 MbaB/c nox yrnom
180° B c. . M. (pe kst d + p — (pp)(180°) + n).

Kunem tuuecku 3T pe k-

UM H JIOTMYH  yIIPYyromy p c- Veto
CESHUIO SJIEp NEHTEpUS H  yron Ja»
180° u mporone. OmH KO HO- -
HOJIHUTENILHOE  yCIIOBUE — Ile- S3 P
S2 TOF

pe3 psaaK  HEWTpOH B NPOTOH T

NPUBOJUT K CYHIECTBEHHOMY Ile- g Tl

pep crpeneneHnio BKJI JOB K H - ‘ ’ ‘L]/a%@\ §

JIOB pe KLIMU B KOHEUHBIH pe3yJib- Muurens Marsut

T T. DBbUln HU3MepeHbl cevyeHus ,Q/m[]

[Py JIBYX MMIIYJIbC X H JIET I0-

umx gedtponos: 3 u 4 I'sB/c. Puc. 45. CxeM TuuecKHil BHA CHEKTPOMETp
CxeMm tuueckmii Bup cnek- CKAH-2

TPOMETP TPENCT BIEH H puc.45.

OH BKJIIOY €T MOHMTOpPHbIE JAETEKTOpbl S1-S3, BEpIIMHHYH KOOPOUH THYIO

cucremy TI, T2, H JIM3UPYIOIIMA JUIIONBHBIA M THUT M TOAOCKOIMYE-
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CKyl0 32-K H JIbHYIO CHCTEMy JUIl PErucTp LIMU BPEMEHHOH U KOOPIUH THOH
uHGOPM LUH.

Pe3ynbT Tl M3Mepenuii cedenus pe xumu d + p — (pp), + n, noydeH-
HbBle B MIOHBCKOM ce Hce HykmoTporn B 2003 r., mpuBemeHsl H puc.46 [63].
H Hem nox 3 HO cp BHeHHMe pe3ynbT TOB u3MepeHuil H cnekrpomerpe ANKE
H yckopurenbHoM kKomiuiekce COSY B IOnuxe (I'epm HHA) ¢ TEOpETHUECKUMU
npeack 3 HuaMu [64].

doldQS M-, MG/cp
T

T,,TsB

Puc. 46. Duepreruyeck s 3 BUCMMOCTb cedyeHms pe kuuu d +p — (pp), +n. P c-
YeThbl BBIIIOJIHEHBI C UCIIOJIB30B HHEM I puxckoro NN-mnoreHud J1 . CrulomHoil KpuBOit
MOK 3 H CYMM DHBIH BKJI J{ 3H YUMBIX nponeccoB. T KXe NpHBEIeHbl OTAENbHbIE BKI IbI
(ONE+SS+A)-p cueros, rne ONE — 0OIHOHYKJIOHHBIN 00MeH, SS — OIHOY CTHYHOE P C-
cesure u A — Bo3Oyxnenue A-u300 pbt

B p Mk x skcnepument HAEJIBTA-CUI'MA B 2004 r. 6bU1H BBIIOJHEHbI U3-
MEpEHUS CeYEHUN Nepe3 paaku np — pn H JEUTEpUEeBOUM U IPOTOHHON MUILEHIX
IpU UX OOJIy4eHHM ITyYKOM KB 3MMOHOXPOM THYECKHX HEIOJISIPU30B HHBIX HEii-
TPOHOB IpU dHEprusax Heirponos 1,0, 1,2, 1,8 u 2,0 I'sB. B H 4 jie aToro p 3nen
ObUI0 OOp LIEHO BHUM HUE H BO3MOXHOCTH HOJIy4eHHs] MH(OPM MU 00 MILUTH-
TyJe 3JIeMEHT PHOU pe KUUM INepe3 pSAIKU np — pn uyepe3 U3MEepeHue pe KIMU
nepe3 psAku B 3KCIHEPUMEHT X C HENoJIIpU30B HHBIMU JIEHTPOH MHU.

MoxHo 1ok 3 Tb [65], 4yTO npu HyJIeBOW Hepen ye UMITYIbC U depeHIy-
JbHOE ceveHue pe Kimd nd — (nn)p omnpenessieTcs CruH-(QIIMIOBONA Y CTHIO
MIUIMTYABI 3 PSIOBO-OOMEHHOro Iporecc np — pn. B ciayd e p ccesHus H -

31 (Oepy = T) ¥ OPU YCJIOBHUM UMITYJILCHOTO NPUOIMXEHUsT (MEXIy IByMsl Mel-
JICHHBIMH HEWTPOH MU IIp KTUYECKH HET B3 MMOjeicTBus) nudepeHiy TpHOE
cedende pe Kuuu nd — (NN)p MOXHO 3 NHC Th CICAYIOLIMM 00D 30M:

(do/dQ), .= (2/3)(do /A, (39)

np ’
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e (do/ dQ):f — CIMHOBO-3 BUCUM £ 4 CTh AU(EepeHIM JTbHOIO CeueHUs pe-
KLU YIPYroro p ccesHust np — np H 3 1 (Oegy = 7).

B sxcnepuMeHTe M3MEPAIUCH JBE BeJWYMHBl. HEHUTpOHHBINM My4yoK I A J H
JNEUTEPUEBYI0 MUILEHb, U OINPEAEIIIOCh KOJIMYECTBO BBUIET IOIUMX IPOTOHOB C
T KON Xe DHeprueu, K K dHeprud I i omux HeidTpoHosB. [Ipu atoMm B mpouecce
nepe3 paaku nd — (nNn)p OCT 10TCS JIB  OYEHb MEJUICHHBIX HEUTPOH . AH JIOTHY-
H g BeJIMYMH ObUI M3MEpPEH B YIPYIOM P CCESIHUM HEUTPOHOB H IPOTOHHOM
MHUILEHU.

OTHoOlIIEHHE BTUX [BYX BEJIUYUH [0 MPEICK 3 HUIO TeOpuH OyleT COOTBET-
CTBOB Tb TOI Y CTH YIPYIOIO P CCE4HMs HEUTPOHOB H IPOTOH X, KOTOp 4 3 BU-
CUT OT CIIMH :

Rye(m) = (do/dQ),,,/(do/dS),,,= (2/3)(do/dQ)5) /(do/dS),,.  (40)

Pesynbr T u3mepenuii rpymmoit JEJIBTA-CUT'MA Gbut nipecT BieH H Mex-
IOyH POIHBIX CHUMIIO3UYM X MO cnuHOBOH ¢msuke B Ilp re (wiomp 2005 1.) u B
Hy6ne (centsOps 2005 r.) u npuBeneH H puc.47 B o6 ctu sHepruil ot 1 =B
o 2 I»B [65].

R ge
0 R, (dp)
b = VBLHE data
+ (preliminary)
0,6 #,
"
; 7 v o+t .
0.4 % .
0,2 + * o,oExisted data set
. F. Lehar. Private communication

— Energy dependent GW/UPI PSA
® Saclay—Geneva FE PSA
0 0,5 1,0 1,5 2,0 2,5 3,0
Oneprust HeliTpoHOB T, 9B

Puc. 47. DHepreTnueck s 3 BUCUMOCTb Rgc — OTHOLIEHHSI CEUEHUH KB 3UYIPYroro nd-
p ccesHus K ynpyromy np-p ccesuuio. CIUIONIH S KpUB S M KPYXKH — H JIOTHYHBIE 3 BU-
CHMOCTH I YUCTO YIIPYTOro p CCestHUS HEUTPOHOB H IPOTOH X, IOJyYEHHBIE C IIOMOIIBIO
¢ 30Boro H nu3 npu dHepruax 1o 1,3 [9B, kB ap THI — KOMIWISALMS CYIIECTBYIOIIUX
OKCIIEPUMEHT JIbHBIX JI HHbIX @.Jler p

BunHO, 4TO HOBBIE 1 HHBIE 3 BHUCAT OT BHEPIUM B I I 30HE 3HEPIUM Iep-
BUYHBIX 4 cTull 1-2 3B u cymecTBeHHO p cXomdTcs ¢ Ipeiack 3 Huem no PSA.
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T kum 06p 30M, nomyuennsie rpynnoit JEJIbTA-CUI'MA HoBbie 1 HHbIE CBHJIE-
TEJBCTBYIOT O TOM, 4YTO HpH 3Heprusix g0 2 I'sB ummynscHoe mpubmixkeHue He
p 6ot er.

B p mx x npoekt BEKKEPEJIb (pyk. I1.U.3 py6uH) mpomoiix jiock 00-
JIydeHHEe CTOIOK epPHBIX (POTODMYIBCUI B BBIBEAEHHBIX IyYK X PEISITUBUCTCKHUX
syep HykJoTpoH . I1 p juenpHO mpoBoami cb 00p 60TK M H JIM3 CT POro dKc-
HNEPUMEHT JIBHOTO M TEpHU I .

W3y4 11 cb MyapTH(P IMEHT LA JIETKUX P AWO KTHBHBIX U CT OWIIBHBIX Saep
C H 4 J1pHOU 2Heprued Boime 1 A TsB [66]. Mcronp30B HUE SepHBIX MYYKOB IS
peLIeHys [TOCT BIEHHOM 3 JI YW MCCIIeOB HUil B 9TOI 001 CTH ®HEPrUil OCHOB HO
H W3BECTHOM SBJIEHUU IpelesbHON ¢bp IMEHT MU Saep. DTO COOTBETCTBYET
HEU3MEHHOCTH CHEeKTp (hbp I'MEHTOB Sp -CH P IpU J JIbHEHIIeM yBeIMYeHUU
9HEPIUM COYHN PEHUSI U U3MEHEHHU COCT B 41ep MUILIEHHU.

B03MOXHOCTh M3yd4eHHS] MyITbTH(P IMEHT LU PEISTUBHCTCKHUX SAEP B I H-
HOH 00JI CTH ®HEpIuii onpenenserTcss TOYHOCTBIO YIIOBBIX W3MepeHuid. SmepH 5
thoToamynbcust O rox ps CBOEMY BBICOKOMY IPOCTP HCTBEHHOMY P 3pELLEHHUIO
obecrieyuB €T YIJIOBOE P 3pelieHHe CJIENOB PEeNISITUBUCTCKUX (Pp IMEHTOB OKOJIO
107° p n. T xum o6p 30M, B BKCIEPUMEHT X C AAEPHBIMU (POTOBMYIILCUIMU UMeE-
eTCsl YHUK JIbH $ BO3MOXHOCTb H OJIOI Th BCE BO3MOXHBIE P CII bl BO3OYXICH-
HBIX COCTOSHHUM siAep H (pp I'MEHTBHI.

OCHOBHOI X p KTEpUCTUKOW MyJIbTU(p T'MEHT LUU SJep 4BIIeTCsS 3 PIfoB 4
TONOJNOTHS (hp TMEHTOB IPU M JIBIX TEpex 4 X MMIYIbC . IIok ObUIM M3ydeHb
0CcOBEHHOCTH My/ILTU(P TMEHT LUK HEeKOTophIX aaep ot °Li mo 32S.

HoBsle pe3ynbT Thl ObIIM MOMYYEHBI 110 UCCIEAOB HHUIO (:-KJI CTEPHOM CTPYK-
Typsl agep ““N u °Be, T KXe IOMy4eHbI Pe3yabT ThI MO OTHOMIEHHIO BEPOSTHO-
CTeil CIeqyloluX K H JIOB (pp TMEHT LUU PESITUBUCTCKUX SIEP C -4 CTUI] MU
B KOHEYHOM COCTOSHUU:

1%

’Li (He+p)/(He + d)
1B (2He + p)/(2He + d)
YN (3He +p)/(3He + d)

1

L,
L,
2.

12

B akcnepumente KPUCTAIL (pyk. A.[I. Ko sienko u A.M. T p Tun) 661010
UCCIIEIOB HO I P METPUYECKOE PEHTTEHOBCKOE W3JIyYeHHE, BO3HHK IOIIEe IpH
B3 MMOJIEHCTBUN YMEPEHHO PEIITUBUCTCKHX SIIEP C KPUCT JIUT MH.

D10 M3MyYeHne GBICTPBIX 3 PSKEHHBIX Y CTHI B KPUCT JIT X BO3HHUK €T B pe-
3y/IbT T€ AU(P KIMH TIOJISI BUPTY JIbHBIX (POTOHOB OBICTPOH 3 PSIKEHHOW Y CTHILIBI
H KPUCT Jutorp cudeckux Iiockocrsax. Ilocne teopeTudeckux Npeack 3 HUM
I P METPUYECKOTO PEHTTEHOBCKOTO M3JIy4eHHs OHO ObLIO OOH pYXEHO M HCCle-
JOB HO H MyYK X 3JEKTPOHOB P 3IMYHONW HEPIrHU. DTO H3IIydeHHE HE CBA3 HO
C YCKOpPEHHEM Y CTHLI, TI09TOMY AOJKHO H OJION ThCI T KXKe M LI TAXKENbIX U -
ctul. Kpome Toro, ero BBIXOA MPONOPLMOH JIEH KB P Ty 3 PS4 CTULBI, U
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GOJIBLIOI 3 psia sep JOMXKeH obecrieunB Th Oojiee HHTCHCHBHOE H3JIy4eHHE, YeM
OT 3JIEKTPOHOB.

H3mepenus ObUIM BBINOJHEHBI C KPUCT JIT MM KpeMHHsS M I'p (PUT H IydKe
npoTOHOB ¢ ®Heprueit 5 I'®B u nyuke sinep yriepox c »Heprueit 2,2 A I'sB Hy-
KIoTpoH [67, 68]. g perucTp My peHTTeHOBCKUX (DOTOHOB HCIIONB30B JICS
MOJTYIIPOBOJHUKOBBIN KPEMHHEBBII crieKTpoMeTp. CXeM 9KCIEepUMEHT MPEICT -
BIEH H puc.438.

MuieHb

Op

Marnur

Jerexrop

Puc. 48. CxeM 3KCmepuMeHT 10 H OMIOOEHUIO I P METPHYECKOTO PEHTTEHOBCKOIO H3-
Jy4eHUs B KPUCT JUT X. S — HOHM3 LIMOHHBIA MOHHUTOpP IIy4K , 3 — yron H KJIOH
KpHCT JUT K NyuKky, Op U 6, — yIJIbI IETeKTUPOB HUS

Ilydox m I J1 H TOHKMIA KPUCT JUI KpeMHUA o1 yrioM 6. Bonbimme rp Hu
KpucT U1 Obuti 1 p JutesnbHbI IiockocTsM (001). HMcmons3oB 1 cb cxem bBporr ,
B KOTOPOii AETEKTOp p 3Mel] eTcs IMoj yroM fp , OMU3KUM K yITy Judp KUuuu
20p v miockocrax (001).

CrieKTpsl PEeHTTEHOBCKOTO U3/Ty4eHUs MPU B3 UMOAENUCTBUU IIPOTOHOB C dHEP-
rueil 5 I'eB u apep yrmepon ¢ sHeprueit 2,2 ['9B/HYK/IOH ¢ TOHKUM KPUCT JUIOM
KpeMHHUs TpeACT BieHbl H puc.49. M kcumymbl v ¥ 3 06p 30B HBI (POTOH MU
I P 3UTHOTO X P KTEPHCTHYECKOTO H3IYYEHHS TOMOB HHKENS KOPIYC JeTeK-
TOpP , BO30YXI €MbIX BTOPUYHBIMU 4 CTHL[ MH.

M kcumyMbl, 0003H UYeHHBIE Y, 0Op 30B HbI 3 cyeT (POTOHOB II P METpUYe-
CKOro mainy4eHus. IlomoXeHHS M KCHMyMOB 3 BHCST OT yIJI OPHEHT UM KpH-
CT T W COOTBETCTBYIOT TEOPETHYECKHMM 3H YEHHAM JUIS JIMHUHA 11 P MeTphye-
CKOI'O U3JTy4eHus.
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Puc. 49. CnekTpbl H3Ty4eHHs, 3 PErMCTPHPOB HHBIE JETEKTOPOM HpU OOJIydeHHH KpH-
CT JU1 KpeMHHd Iy4KOM IPOTOHOB C 3Heprueir 5 I'sB ( ) u mydkom smep ymiepom c
sueprueit 2,2 A T»B (6)

T kum 06p 30M, MOJNYYEHO NEPBOE DKCIEPUMEHT JIbHOE MOATBEPXKICHHE CY-
IIECTBOB HMS I P METPHUYECKOTO M3ITy4eHUS B KPUCT JUT X JUIS TSKEJBIX 4 CTHI —
PENATUBHUCTCKUX S1Iep.

OGH pyXeHHe I p METPHYECKOrO H3JIy4eHUS B KPUCT JUIe OT PEIaTHBHCT-
CKHUX SI€p OTKPbIB €T NePCIeKTUBbI €r0 UCIIOIb30B HUsl VIS 1M THOCTHUKH IyYKOB
SJIep B P 3IMYHBIX YCKOPHUTENbHBIX LEHTp X. CyIecTBEeHHbIM TOCTOMHCTBOM II -
P METpUYECKOTro M3JIy4eHUs SBISIETCS TO, YTO (DOTOHBI T€HEPUPYIOTCS 101 OO0IIb-
IIUMH YIJI MU K IIy9Ky, BBICOK BEpOSTHOCTb UX HU3Iy4eHHS M d(P(eKTHBHOCTD
PErucTp LHH.

4.3. IIpukn aHbIe HCCAeJOB HUSA H BBIBEJACHHBIX NMyYK X HYKJIOTPOH .
[Tyuykn HYKJIOTPOH UIIMPOKO HCIOJIB3YIOTCS Ul TPHKII JHBIX HCCJIENOB HUH H
BKJIIOY IOT CJIE/yIOIIMe OCHOBHbIE H NP BJICHUS:

® p IMOOHOJIOTUSl U KOCMHUYECK 51 OMOMEIMIVH ;

® BIIMSIHME SIEPHBIX ITy4KOB H KOMITIOHEHTHl MHUKPO3JIEKTPOHHUKH;

® TP HCMYT ISl P MO KTHUBHBIX OTXOJOB;

® BOIIPOCHI AIIEKTPOSAEPHOrO METOJl TeHEep LM DHEPIUH;

® ICIIOJIb30B HUE MY4YK YIJIEpOH Ui Tep IHU OHKOJIOTMYECKHX OIyXOJIeH.

DTH MCClIeoB HUS SIBISIOTCS HPOJOJKEHUEM p 60T, H 4 ThIX p Hee H CHH-
Xpog 30TpoHe.

HccnenoB Hus B 0651 ¢TH p JMOOHOJIOTHU U KOCMUYECKOW GMOMEIMIIMHBI B JKHBI
IUTS JUTUTETIbHBIX MTHIOTHPYEMBIX KOCMHUYECKHX I0JIETOB. DTH UCCIEN0B HUS PO-
BOJLITCE C C MOTO H 4 J1 KocMuyeckux noseroB. CoBmectHo ¢ JI Gop Topueii
p au uuoHHO# Guonoruu OUSAN mpoBonsrcs obimydeHus: GUOIOrHUeCKHX 00beK-
TOB U UX KOMIIOHEHTOB IIy4K MH P 3JUYHBIX 4 cTHil (T 671.2) [69, 70].
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T Gmur 2. Tumsl sgep, WX HEPTHU U JIMHENHbIe nepen un sHeprud (Lo ), KOTOpbIE HC-
TIOJIb30B JIUCh B BKCIIEPHUMEHT X B 00 CTH p JHOOHUOJIOTUU M KOCMHUYECKONH OMOMETUIIMHBI
B nepuon 1998-2005 rr.

SAnpo P He C C Mg Ar Fe
Bueprus, A I'sB 1 0.5 1 0,48 0,5 1,0 1,25
Lo, 3B 0,233 | 1,157 | 8,40 | 10,65 | 39,62 | 75,5 | 1514

H3y4 Jj10Ch BIIMSHUE M JIBIX JO3 P OU LMY C P 3JIMYHOU JIMHEMHOU Iepel Yeu
SHEPIUM H MYT reHHble 9(peKThl JTUMQOLUTOB YeIOBEYECKOH KPOBU C UCIONb-
30B HMEM IMy4KOB IIPOTOHOB, saep 2C u 2*Mg Hyknotpon . B 6ymymiem ssisgerca
NEepCHEeKTUBHBIM HCIIOIB30B HHE B P AMOOMONOIHYECKHX HCCIEeNOB HUAX Ooree
TSAXKENBIX HOHOB.

Meton Tp HCMYT LUM P IO KTUBHBIX OTXOJOB C IIOMOUIBIO ITyYKOB 3 PSXKEH-
HBIX 4 CTHL uccienyercs B JIBD B TeueHne umurenbHOro nepuon . Mcenosb3os Hue
IIYYKOB 3 PSXKEHHbIX U CTHUII IS YIIP BJIEHUS MOAKPUTUYECKUMHU SIEPHBIMU pe K-
TOP MM T KX€ NpEICT BJSETCd INMEepCIeKTUBHBIM C TOYKH 3peHHs] 6e30I CHOCTH
SAepHON SHEPreTUKU M MOBBbIIIEHUS 3(EeKTUBHOCTH HUCIIONb30B HUS AAEPHOTO
TOIUIUB .

P 6ot 110 310 Mporp Mme nposoxdTcs H yct HoBke TAMMA-2, cxeM Ko-
Topoil mpuBegeH H puc.50. YCT HOBK COCTOUT U3 TSXKEIOH MUIICHH, OKPYXEH-
HOU I p (PMHOBBIM 3 MENIHUTEIIEM BTOPHYHBIX HEHTPOHOB. JIeTeKTOPBI BTOPUIHBIX

[Tyuox La-naruuku

v

Al-mMoHuUTOp

20 oM Taxenas
8 cm MUILIEHb
[MapaduHoBblit
3aMeIUTENb
¢ )
¢ 4
85 cm
— 20 cm
Scm
< )
< P
30 cm

Puc. 50. Cxem ycr HoBKU TAMMA-2
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AKTHBaIMOHHbBIE
1 SSNT-neTeKTopsbl

IIporoHHBIit my4ox
[UKJIOTPOHA s
1,5T5B
AKTHBaIIMOHHBIN
u SSNTD-monuTOp !
Pb-muniens
& 84 X 520 mm

30 ypaHOBBIX CTEPIXKHEI

¢ Al-o6omnoukoit
@36 X 104 Mmm

Puc. 51. CxeM ycT HOBKHM «DHeprusi + Tp HCMYT LHSI»

HEHTPOHOB MOIYT P 3Mell ThC B P 3-
JIMYHBIX MeCT X ycT HOBKH. OOp 31pl,
MOABEPT €Mble TP HCMYT UM IIOTOKOM
BTOPHYHBIX HEHTPOHOB, P CIION T IOTCH
H BHEIIHEH MOBEPXHOCTH 3 MEUINTEN.

Hccenenos Hug H YCT HOBKE
IF'AMMA-2 cocpedoToueHbl, B OCHOB-
HOM, H W3YYEHUU BBIXOJ HEHUTPOHOB
B 3 BUCUMOCTH OT 9HEPIUM IIy4K , TUII
H JIET IOIIMX Y CTHLl U M TEpPH ]I MH-
uienu [71,72].

JIpyroii ®KCIIEpUMEHT 3TOI0 XKe
TUII € JIU3yeTCd H YCT HOBKE «DHep-
TUs + TP HCMYT LHUS»; CXeM TIOK 3 H
H puc.51.

COOpPK M3 eCTEeCTBEHHOIO Yp H
OKPYX €T MUILIEHb U3 TLKEJIOro M Tepu-

71 . TpekoBble KTHUB ILIMOHHBIE JETEK-
TOpPBl U TP HCMyTUPYEMBIE P IUO KTHUB-
HBI€ M30TOIBl YCT H BJIMB IOTCH B ILENSX
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Puc. 52. 3 BHCUMOCTb OTHOCHUTEJILHOU
103bl, MOIMIOLIEHHOW B OPICTEKINEe, OT IITy-
OMHBI MPOHMKHOBEHUS My4YK YyIJIEpon C
sueprueir 500 A MaB



MEXIy Yp HOBBIMU BJIEMEHT MHU. Yp HOB 51 cOOpK 00OpYyZOB H TepMOMETpUYe-
CKHMH I TYUK MH.

[epBble 9KCrIEepUMEHTHI C TIPOTOTHIIOM DTOH YCT HOBKH yXe€ BBIIOJIIHEHBI, H
MOJTIy4eHbI NIEPBbIE K JIOpUMETpUYecKHe pe3ynbT Thl [73-75].

B H crosmee Bpems B JIBD NOAroTOBIEH HOBBIN MPOEKT, HOCBALIEHHbIH HC-
MOJIb30B HMIO YIIEPOIHOIO IMYYK HYKJIOTPOH [UIs T€p NMHU P KOBBIX OITyXOJIEi.
Ileps s ouepenp ®TOro MPOEKT MPEANoN I' €T CO3j HHUe CleUU JIbHOI 30HBI I
MIPOBEJIEHUSI CCIIEOB HUM C COOTBETCTBYIOLIMM 0OOPYIOB HHEM M IOJTy4eHHEe He-
00XOOMMBIX 1T P METPOB MydK yriepox . I[IpoBeneHs! mepBbie U3MEPEHHs C yIiie-
pontbiM myukoMm ¢ sHeprueir 500 AMoaB [76]. H puc.52 npuseaeH KpuB s
BpaIT , NOMyYeHH s ¢ MOMOIIbI0 Myuyk 2C HyKJIOTPOH .

5. IPOTPAMMA JAJIBHEMIIINX UCCIEIOBAHUI HA
HYKJIOTPOHE

IIporp MM TEOpETHMUYECKUX M SKCIEPUMEHT JIbHBIX MccienoB Huil B OUAUN
0 PENSTUBUCTCKOM SINEPHOM (PU3NKE H IEeJIeH H IOCT HOBKY U IMPOBEAEHHE DKC-
MEPUMEHTOB, CYIECTBEHHO BIMSIOIUX H [ JIbHEHIIee P 3BUTUE TEOPUU CHJIBHBIX
B3 MMOJEUCTBUI U CO3Jl HUE COBPEMEHHOU Teopuu TOMHOro 41p [77]. Benyresa
WCCIIEIOB HMS B3 UMOJEHCTBHUI PEIATUBUCTCKUX SIEp B DHEPreTHYECKOi 001 cTH
oT HecKonbKux coteH MaB no neckonbkux I'sB B [lyoHe u 10 Heckonbkux TaB
H BHEHNIHHUX ycKopuTendax. OCHOBH 4 LENb UCCIENOB HUH — IOUCK IPOSBIIE-
HUHA KB PK-DJIIOOHHBIX CTENEHEeH CBOOOABI B AP X, CHMITOTHYECKHX 3 KOHOB
IUIS IAePHOI M Tepuu, T KXe M3y4eHUe CIIMHOBOI CTPYKTYpBI JIerd HIIUX Snep.
IIporp MM , B 4 CTHOCTH, IpeIycM TpUB €T:

— MOJTy4YeHHe HOBOM MH(OPM IIMU O CBOICTB X IPOLIECCOB MHOXECTBEHHOTO
POXIEHUS U CTUL B CTOJIKHOBEHMSX P 3JIUUHBIX S1€p;

— H3y4YeHHUE CBOWCTB CHIBHOB3 MMOJEHCTBYIOLIEH M TEPUU B 9KCTPEM JIBHBIX
YCITOBUSIX (BBICOKHE TEMIIEP TYPHI U INIOTHOCTH O PUOHHOTIO 3 Psif ) B IEPEXOIHOM
001 CTH OT OPOHHOM M TepHH K KB PK-IIIOOHHOW ITT 3Me.

INownck u uccnenoB HUE CBOWCTB CHJIBHOBO3OYXXICHHOM SINEPHON M TEPHH II0-
3BOJIMT OCYyIIECTBUTH NMpoBepKy KXJI-Teopun u I Th BO3MOXHBIE OTBETHI H (DyH-
I MEHT JIbHbIE BOINPOCHI O TOM, YTO T KO€ KOH() HHMEHT, K KOBBI M€X HH3MBI

JPOHU3 LMM U H PYLIEHUS KUP JIbHOH CUMMETPUU.

Hccnenos HUS MPOBOIATCS € UCIOJIB30B HHEM COOCTBEHHOH YCKOPHTEIbHOI
6 351 OMSIN, T KXe B ApYrMX yCKOpHUTENbHBIX HeHTp X, T Kux K K CERN, BNL
un GSL

H yckopurenbHoMm Komiuiekce JIBD neiicTBYOT WM HOATOTOBJIEHBI K H -
YYHBIM HccIenoB HusM psn ¢mmdeckux ycr HOBOK (CDEPA, TUBC, ®A3A,
JEJIBTA-CUI'MA, JEJIBTA-2, CMC, MAPYCH, JIHC, CTPEJIA, HUC,
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®OTOH-2 u T.x.). Iln Hupyercd I JibHelllee p 3BUTHE CYILECTBYIOLIUX DKC-
MEPUMEHT JIBHBIX YCT HOBOK M CO3[ HUE€ HOBBIX. DBOJBINON BKII J BHOCHTCH B
MIPOBEIECHUE HCCIIENOB HUM B IPYTMX H Y4YHBIX LIEHTP X H OKCIEPHUMEHT JIbHBIX
yer HOBK X: NA49, STAR, CMS, ALICE, HADES, CBM, PANDA u T. 1.

H Hyk/1OTpoHE yCKOpEH U BBIBEJEH IOJISIPU30B HHBII JEHTPOHHBINA My4OK C
ucrounukom [NOJIAAPUC u B Onmuk iimeM OynayineM IUT HEPYeTCS co3l Hue Ooee
COBEPIIEHHOTO UCTOYHUK IOJISIPU30B HHBIX Y CTHUIl C OOJBIIMMH WHTEHCUBHO-
CTAMU.

DKCIEpUMEHTHI 110 PENIITUBUCTCKON SINEPHOM (PU3MKE H BHYTPEHHHX M BBIBE-
JEHHBIX MYYK X HYKJIOTPOH IUI HUPYETCS INPOBOIUTH B OCHOBHOM H YXe Cylle-
CTBYIOLIMX YCT HOBK X, HO OOOpYZOB HHBIX HOBOii ®JIEKTPOHUKOI U IETEKTOP MH.

5.1. Ilonapu3 nmoHHbIe 3¢th(peKThl NPH PEeIATHBUCTCKUX 3Hepruax. Msyue-
HHUE TOJIIpU3 IHMOHHBIX 3((eKTOB Mpu (p IMEHT UM JIETKHX siiep OyneT BhIImoi-
HeHo 1o nporp mMme npoekt I[IMKACO n ycr HoBke CPEPA. I'nm BHOW Le-
JIBIO 3TOTO MPOEKT SABJIAETCH U3y4EHHE CIIMHOBOW CTPYKTYPBI IEUTPOH H M JIBIX
MEXHYKJIOHHBIX P CCTOSHMAX. Hccnenyrorcs cnimHoBble 3(h(eKThl, CKOPPEIUpo-
B HHBIE C ME30H-OOMEHHBIMU U KB PK-OOMEHHBIMH MEX HU3M MU. DT HPOrp MM
OpPHEHTHPYETCSl H HCIIONB30B HHE ACHTPOHHBIX My4KOB ¢ Heprueil no 6 A I'sB.
Hccnenos HUS ObUIM H 9 Thl H TOJSIPU30B HHBIX MYYK X CHHXPO( 30TPOH H
OymyT MPOJOIKEHB H HYKJIOTPOHE ITOCTIE MOTyYEeHHUs BBIBEIEHHOTO MONSIPU30B H-
HOTO Iy4K JEeWTPOHOB AOCT TOYHON MHTEHCUBHOCTH.

Mpoext AEJIBTA-2 npens 3H 4eH 11t p GOTHI H TOJIIPU30B HHOM MPOTOH-
Ho# muiieHu JIBD ¢ uCnonb30B HUEM BBIBEIEHHBIX ITyYKOB HYKJIIOTPOH , T KXe
I TIPOBEIEHNS 9KCIIEPUMEHTOB H BHYTPEHHEW MHUIIEHU HYKJIOTPOH (COBMECTHO
¢ ®UAH u USIU PAH). VYcr HOBK mpeacT BisieT coboil AByXIUieueBoit Ge3-
M THUTHBIH CIEKTPOMETP HJIS PETMCTP LUM U U3MEPEHMs DHEPrUU HEUTp JIbHBIX
(r MM -KB HTOB M ME30HOB) U 3 PSIXEHHbIX (ME30HOB, IIPOTOHOB, AEHTPOHOB) U -
ctul. Puznyeck S NpOrp MM IIPEAION T €T JeT JIbHOE MCCIIeNoB Hue oOp 30B -
Hug 70- ¥ 7)-Me30HOB (B TOM YHCIIe ¢ OJHOBPEMEHHBIM OOp 30B HHEM AEHTPOH
B KOHEYHOM COCTOSHUHM) B HEHTPOH-NIPOTOHHBIX COYH PEHHAX IOIAPU30B HHBIX
HYKJIOHOB IIy4K ¥ MMILEHU npu sHepruax 1,2-2,0 I'sB ¢ uenbio nposepku Teope-
THYECKHMX NPEIIONIOKEHUH 0 MEX HHM3Me ME30HOOOp 30B HUS, T KXe IMIOTE3bl O
H JIMYUK BHYTPU HYKJIOH MOJISIPU30B HHOM MO CIMHY S'S-KOMIIOHEHTBI CTP HHBIX
KB PKOB.

OkcnepumenT CTPEJIA npennon r er u3ydeHue CIMHOBO-3 BUCUMOW 4 CTU
HYKJIOHHOH MIUTUTYIbl P CCESHHUS B np — Pn 3 psgoBO-0OMEHHOM Ipolecce H
BBIBEJJCHHOM ITy4Ke JeHTPOHOB HYKJIOTpOoH . IIn HupyeTcd u3Mepurh ceyeHue po-
’KIEHMs IBYX POTOHOB IPU M JIOM Ilepell HHOM UMITyJIbce B dp-B3 UMOJEHCTBHSIX
B 00J1 CTH MMIYJbcOB aedTpoHoB ot 3,0 mo 4,0 [=B/c.

I'm BH g nenp npoext HEJIBTA-CUI'MA cocTtouT B M3y4yeHUM HYKJIOH-HY-
KJIOHHBIX B3 MMOJEHCTBUI C HCIOJIB30B HUEM BTOPHYHOIO IYYK IOJISIPH30B H-
HBIX HEUTPOHOB BBICOKOI ®HEPIUU, KOTOPBII UMEEeTCd B H CTO4Ilee BpeMs TOJIbKO
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H yckopurenbHOM Komiuiekce JIBD. Ilpemn r ercs mpoBecTH JIeT JIbHbIE H3Me-
peHHUs DHEepreTudeckoi 3 Bucumoctu Benuuud Aoy (np) u Aop(np), KOoTOpble
NPEACT BT COOOW p 3HOCTH MOJIHBIX HEUTPOH-IPOTOHHBIX CEYEHW 11 HTH-
I P JUIEJIBHOW U I P JUIEIBbHOW OPUEHT LUHU CIIMHOB HEUTPOHOB IIYYK H MPOTO-
HOB MHILIEHH, [OJISIPH30B HHBIX B mpoposibioM (L) u monepeunom (7') H np Biie-
HUSIX.

Ipoexr HUC npennoxen comectHo JIBD u JI 6op Topueil pu3nKu 4 CTHLL
OUSN. IIpoexT H meneH H MOHUCK 3((eKTOB MOMIPH30B HHOM CTp HHOCTH HY-
KIIOH , BKJIIOY g H pymenus np Bmwi Oxkybo-Lgeiir —Umyku (OLN), npu po-
KIEHUH BEKTOPHBIX ME30HOB B Pp- M Mp-B3 MMOJEHUCTBUSAX BOIM3M 1mopor . B
Cllyd € TIONTBEPXKAEHHS! DTOH THIIOTE3bl CBOE €CTECTBEHHOE OOBSICHEHHE H XOJIMT
K K Ipo0JieM «CIIMHOBOTO KPHU3HMC », T K W K XYIIEecs H pyIIeHHe Ip BHI
OLIM. HeoOxomuMo BBIMOTHHUTH M3MEPEHHS OTHOLICHHWN CEYCHUN POXICHHS (-
U W-ME30HOB BOJIM3M MOpOr HX OOp 30B HUS B HYKJIOHHBIX B3 MMOJAEHCTBMSX,
T.€. Ipd J1 OOp TOPHBIX MMIYJIbC X HYKIOHOB Bbime 2,7 [3B/c. Hcnomnn30B Hue
AEUTPOHHOIO MyYK [ CT BO3MOXHOCTb CP BHUTH HOJIHBIE U I depeHL JbHbIE
CEUEHHUS] POXIEHMS - M W-ME30HOB B Pp- U Mp-B3 UMOLNEUCTBUSX IIPH OIMH -
KOBBIX KHHEM THYECKHX YCIOBUAX. B o6o3pumoMm OymymeM T KHe H3MEpeHHs
BO3MOXHBI TOJBKO B JlyOHE H HYKJIOTPOHE, IOCKOJBKY M KCHM JIbH 51 BHEprus
€IMHCTBEHHOI'O JIPYrOro MPOTOHHOTO YCKOpHTENs B 3T0i 00a cru suepruit COSY
B I'epM HUM COOTBETCTBYET K K p 3 MOPOIY POXJIEHHS ¢-Me30H . B H crosiee
Bpems npoekt HHUC norosHeH nporp MMOI NMOUCK TEHTaKB PKOB.

DkcnepuMeHT JibH o niporp MM 1nipoekt JIHC mpexaron r et uccienos Hue
CTPYKTYpHI JeiiTpon 1 *He H M JIbIX p CCTOSHMAX MeXy HYKJIOH Mu. IIpo-
IP MM BKJIIOY €T U3y4eHHE yHpyroro dp-p CCesiHUS M pe KIMHU P 3B J JACHTPOH
B dp-B3 UMONEUCTBUM C HUCIIOIb30B HHEM K K HEINOJSIPU30B HHOTO, T K M IOJIS-
PHM30B HHOIO JEWTPOHHOTO NYYK U BHYTPEHHEHl MHINEHU HYKJIOTpoH . IL1 Hu-
pyercs U3MepeHHe TEH30pHOW H JIM3UpYIoIed crocoOHOCTH pe Kimid d + d —
3He +nu d+d — 3H + p ¢ NONAPU30B HHBIM AEHTPOHHBIM My4KOM. DKCHEpHU-
MEHT JibH 4 nporp MM 1npoekT JIHC BKJ0Y €T Tpu p 3JIMYHBIX SKCIIEPUMEHT :
U3MEpeHHe CeyeHHs! BEeKTOpHOU (A,), TeH3opHbIX (Ayy) U (Azz) H IH3HpYO-
LIMX CIIOCOOHOCTEH B ynpyrom dp-p ccesHUM B OOJI CTH KUHETHYECKHX DHEpPIUid
aeitporn ot 300 no 500 MsB; usmepenue ceueHus! BEKTOPHON U TEH30PHOM H -
JIM3UPYIOIUX CIIOCOOHOCTEN B pe KIMU P 3B J1 HACHTPOH B dp-B3 UMOAEHCTBHU
B 001 cru suepruit 300-500 MaB B p 31nuHbIX KOHUTYp 1HUsAX (KOMIUT H PH s
T€OMETpPHUs], TPOCTP HCTBEHH S 3Be3l MU T.JI.); M3MEPEHHE TEH30PHBIX H JIN3U-
pytomux crnoco6uocreil B pe xuusax d +d — *He4+nu d+d — 3H 4+ p 10
270 MsB.

Ocnosnoil nensto copMecTHoro JIBD—RIKEN pHe3-skcnepumeHnrt sBnsercd
usydeHne cnuHoBoil cTpykTyphl “He (*H) H P CCTOSHMSAX, HENOCTHXHUMBIX B
H CTOSIINII MOMEHT C HCIIONb30B HHMEM 3JIEKTPOM THUTHBIX NMPOOHHMKOB, MOCPEN-
CTBOM W3MEPEHHMs! YIVIOBBIX 3 BUCUMOCTEH TEH30PHBIX H JIM3UPYIOLIUX CHIOCOOHO-
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creit Ayy, Agz, Az B pe KImAX d + d — SHe+nud+d— 3H+p. D
MOMAPHU3 LUOHHBIE H OO €Mble YyBCTBHTEJIBHBI K CIHHHOBOMY P CIIPEIETICHHUIO
neiirpon  (mpoton ) B *He (*H) H M IBIX P CCTOSHHSX B P MK X HPHOIMXKe-
HUSL OIHOHYKJIOHHOrO o6MeH . C apyroii cToponsl, T K K K SHe u 3H asnsiorca
3epK JIbHBIMU SIp MU II0 OTHOIIEHHIO K KOJIMYECTBY IIPOTOHOB M HEUTPOHOB, TO
p 31MYMe B UX H OJIIOA €MBIX BEJIMYUH X MOXET ObITh MHTEPIIPETUPOB HO B TEp-
MHUH X H pyLIeHUs 3 psaaoBoil cumMerpuu. M3mepeHue TEH30pHBIX H JIM3HUPYIO-
IIAX CHOCOOHOCTEN, KOTOphIe B MEPBOM MOPSAKE HEUYBCTBUTENIBHBI K KYJIOHOB-
ckuM KoppekiusM, B pe Kuuax d + d — 3He +n u d + d — 3H + p, ocobenno
npu GOJNBIINX BHYTPEHHHX HMITYJIBC X, MOIVIO Obl OOECIeYnTh AOIOTHHUTEIBHYIO
UHGOPM LIUI0 O NMPHUPOAE H PYLIEHHd 3 PAA0BON CUMMETpPUH.

Cotpynauuectso JIBD-RIKEN mnposeno usMepenue TeH30pHbIX Ayy, Agz,
Ay, ¥ BEKTOPHOH A, H JIM3MPYIOMHUX CIIOCOOHOCTEN H IyYKe IONAPH30B HHBIX
neiitpoHoB LUMKIOTpOH RARF (RIKEN) H yct HOBKE SMART ocennto 2000 r.
Wzmepenus Obutn BbinosiHeHsl ripu sHeprusx 270 u 200 MaB Bo BceM yrioBom
a0 30He g pe Kuuu d+d — 3H 4+ p. ToT Xe ¢ Mblil H 60p H JM3UPYIOLIIUX
criocobHOCTed 6bL1 oayden 1 K H 1 d+d — 3He+n npu 270 MaB mexy 0°
u 120°B cucreme HeHTp M cc. BBICOK S TOYHOCTh ®KCIIEPHMEHT JIBHBIX JI HHBIX
MO3BOJIIET OUCKPUMHUHHUPOB Th P 3IIMYHBIE MOJEIN TPEXHYKIIOHHOTO CBS3 HHOTO
COCTOSIHUSI 0 BHYTpeHHero mmiyinbc HykioH 600 MsB/c. Dtu mccnemoB Hus
IUT HUpPYeTCd NPOJOKUTb H Iy4K X HOJISPU30B HHBIX JEHTPOHOB YCKOPHUTEIb-
Horo Komiuiekc JIBD B 06y ctu Gosee BBICOKHMX DHEPIUil.

5.2. TIposBiieHHe CTPYKTYPBI sAep M HUX BO30YKIEHHBIX COCTOSHMIl TPH
pensaTuBucTcKuX sHepruax. H ycr HoBke COEPA 1 Hupyercd uzydyeHue MHO-
KECTBEHHOTO POXIEHUS KYMY/JIATHBHBIX U CTUL (0co00e BHUM HUe OymeT yneiaeHo
W3YYEHUIO POXJIEHHUS BEKTOPHBIX ME30HOB B KyMYJIATHBHOW OOJI CTH), UCCIIENIOB -
Hue (PU3UKU PE30H HCOB U MOMCK 3K30TMYECKUX KB PKOBBIX COCTOSIHUUI, H3yde-
HHE [MH MHYECKMX KOpPpEJSILMil BTOPHYHBIX Y CTHUIl M SIIEPHBIX BO30YXIEHHI B
3 pSOOBO-OOMEHHBIX pe KIMSAX, T KXe HCCJIENOB HHe THIepbamep (M3MepeHue
BpeMenn xusHu runepbagep SHy, *Hy, Hep, sneprun casu runepbagep Hy u
SHep ) u u3ydeHue ux KyJOHOBCKOi AMCCOLM IHUH.

H ycr nHoBke @OTOH-2 nn1 HUpyeTcs NPOROIKEHUE LUK 9KCIEPUMEHTOB
[0 POXJAEHUIO HEUTP JIBHBIX 7-, 7)-ME30HOB U Y-KB HTOB B 41pO-SIEPHBIX B3 UMO-
OEeUCTBUSAX MPU UMIYJAbC X OT 2 10 5 ['®B/c H HyKIOH, T KXe MOWCK CHUTH JIOB
OT cMeml HHOH ¢ 3bl, (POPMUPYEMO B IIEHTP JIBHBIX CTOJKHOBEHMSIX TSIXKEIBIX
WOHOB, B 4 CTHOCTH, POXIEHHUS CKOPPEIMPOB HHBIX I P <y-KB HTOB, 00p 3yeMBbIX
BCIIEICTBUE P CII I O-ME30H B 4IepHOH cpele.

H yunoii nenpio npoekt ®A3A (coBmecTHbIN dKcrepumeHT JI 60p TOpuM
spepHbIX 1npobiem OUSIU u JIBD) sBnsercs n3yueHue SIIEpHOTO yp BHEHHS CO-
CTOSIHUSI TIPH TIOHMXXEHHOW IUTOTHOCTU M TEMIIEp Typ X HUXe KpHTHYecKOoH T,
I ¢ 30BOTO MEPEexXom «XKHUAKOCTh—T 3». HccrenoB HHE «TEIioBOW» MYIIbTH-
¢p r™MeHT MU (H MYyYK X JIETKMX PEISITUBUCTCKUX HOHOB) JEKB THO 3TOH 3 -
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I 4e. DTO HOBBIM, MHOIOTEJBHBI TUI P CH J O4YeHb ropsuux guaep (E* =
= 500—700 M3B), a1 xoToporo x p KT€pH MHOXECTBEHH 51 amuccusi ¢p r-
MEHTOB IIPOMEXYTOUHOH M cchl (2 < Z < 20). Komn Gop umeit PA3A Brepsbie
OBUIO MOK 3 HO, YTO 3TOT THI P CI [ INPOMCXOAUT IIOCNIE P CIIMPEeHHs BO30Y-
KIEHHOTO CIIEKT TOp MHUILEHH 3 CuYeT TeIuloBoro A BiaeHud. H iineno, uto p 3-
B JI IPOMCXOAUT NpH INIOTHOCTH pp, =~ 0,3pp 1 Temnep type 5-7 MaB. H iineno
T KXe, YTO OH IIPOUCXOAUT ObicTpo, 3 Bpemst 50-70 ¢wm/c. Dt H OGmogeHus
NPUBOMIT K CJEAYIOUIEMY CLEH PHIO: Tropsiuee SApo, p CIIUPSSCH, IOI I €T B
001 cTh (p 30BOi HeCcT OMIBHOCTU (CHMHOA JIbHYIO 001 cTh). B rom ps duiyk-
TY LHSIM IUIOTHOCTH TOMOTEHH s CHCT€M OBICTPO Tp HCOPMHPYETCS B CMECh
¢ 3, cocTosIyI0 U3 3 PSKEHHBIX K MeJieK, OKPYKEHHBIX HYKJIOHHBIM I' 30M. DTO
«SIEpPHBIA TyM H», KOTOPBI B3PBIBHBIM OOp 30M P 3JI€T €TCS 3 CYeT KYyJIOHOB-
CKOro OTT JIKMB HUSl U JETeKTHpyeTcd K K MynbTH(dp rMeHT mus. IIpomcxomur
cneunIecKuil SAEpHBI (O 30BBII MEPexXoi MEepBOro poj KHUAKOCTh—T 3. Jpy-
TOI BO3MOXKHBIH SASPHBIA () 30BBIA MMEPEXOA XUIKOCTh—T 3 OXHA eTcd IpH Ooiee
BBICOKOiI1 Temriep Type. Kpurnueck s temnep Typ mid Hero 7. Obul  ompene-
e Kot 6op mueit @A3A myreM H M3 3 PSIOBOrO p crpejeneHust ¢p r-
MEHTOB IIPOMEXYTOYHOM M CCBI, BO3HUK IOLIUX B coyl peHudx p(8,1 MsB) + Au:
T. = (20 £ 3) MsB. Drtu uccrienoB Hust OyIyT MpOAOIXKEeHbl. XOPOIIO HPOp -
60T HH S H Y4H S IIPOTP MM BKJIIOY €T M3YYEHHE 3BOJIOLMU MEX HHU3M MYIIb-
TP TMEHT LUK C POCTOM M cChl 6oMO paupyromeil u crumsl (p,*He, 2C...),
UCCJIEOB HHE AUH MUKU P CIUMPEHMS FOpA4ero sap Iepel p 3B JIOM, U3MepeHue
BPEMEHHOI1 IIK JIbl 3TON CT JUU pe KLUH U T.HA. ByneT ucrnonp3os Thcd MOAEPHU-
3upoB HH 5 4m-ycT HOBK PA3A H myyke HYKJIOTPOH .

B p Mk x npoekt BEKKEPEJIb 11 Hupyercs rnpoBeieHue o0IydeHus suep-
HBIX (DOTOSMYJIbCHIA H P 3JIMYHBIX ITyYK X PEJITUBUCTCKHX siiep. IIporp Mm  mc-
CIIEefIOB HUIl H LIeJIeH H JIeT JIbHOE M3y4eHMe NPOLECCOB PEeITUBUCTCKON ¢p I-
MEHT LMH JIETKMX P AMO KTUBHBIX U CT OWIBHBIX siiep. OXuI eMble Pe3ylbT Thl
MO3BOJIAT OTBETUTh H HEKOTOPbIE KTy JIBHBIE BOIPOCHI KJI CTEPHON CTPYKTYpBHI
JIerkux sigep. b rox ps H miydineMy NpocTp HCTBEHHOMY P 3PELICHUIO SiIEPHbIE
®MYJIBCUH TIO3BOJISIT TOJIYYUTh YHUK JIbHBIE M JOK 3 TenbHbIE pe3ynbT Thl. H nbo-
Jiee B XKHble 00TydeHus OyIyT BHIIIOJHEHbI H BTOPHUYHBIX IMYYK X P JUO KTHBHBIX
apep He, Be, B, C u N, chopMUpOB HHBIX H OCHOBE Iy4KOB CT OWJIBHBIX SA€p
HYKJIOTPOH . B H crodiiee BpeMsi MOMy4eHbI IPEAB PUTENbHbBIE PE3YNIbT THI IO 3 -
PSIOBOM TOMOJIOTUH ISl PENSTHBUCTCKOM (bp TMEHT IIMU IPH M JIBIX Hepem 9 X
®HEPIUU-UMITYJIBC .

5.3. U3y4yeHue npoueccoB MHOXKECTBEHHOIO POXKIEHHSA B COyA PeHHAX pe-
JIATUBUCTCKHX fep OT Jierd HINUX 10 TAXKeIbIX NMPH SHEePrusax or coreH MosB
a0 TaB. IIpoexr MAPYCH umeer nenbio HCCIENOB Th CBOICTB IE€PEXOAHOIO
pexuM (OT HYKJIOHHBIX K KB PK-IJIIOOHHBIM CTENEeHSM CBOOOMBI) B PEISATHBHCT-
CKHX SHEPHBIX CTOJIKHOBEHHMSAX. B MpoeKkTe T KXe Hpenmnos I eTcs MPOBOAUTH
UCCJIEOB HUS PEIKUX IOANOPOrOBBIX M KYMYJIATHUBHBIX IPOLECCOB (B TOM 4YH-
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clle JUIsl ONSPU30B HHBIX CT JIKWB IOIIUXCS OOBEKTOB) M P 3HEJATh COOBITHS MO
CTEIIEHHU LEHTDP JIBHOCTU H OCHOBE M3MEPEHMS MHOXECTBEHHOCTU BTOPUYHBIX U -
crul. IIn HupyeTcd W3ydeHHE BBIXOJ  HTHIIPOTOHOB M OTPHUL TENBHBIX K OHOB,
UHTEepeC K KOTOPBIM BbI3B H UX OOp 30B HHEM M3 «MOPCKHX» KB PKOB. B mepe-
XOIHOM 00J1 CTH ®HEPIUil T Kue A HHble OTCYTCTBYIOT. Kpome Toro, i Hupyercs
MPOJOIXUTh U3MEPEHUEe CEYEHUIH pOXIEHMS SIEPHBIX (Pp I'MEHTOB OT JeWTepust
J0 KPEMHUS H BHYTPEHHUX MUILIEHAX HYKJIOTPOH , 9KCIIEPHUMEHT JILHOE U3yueHHe
HHU3KOSHEPreTHYECKON 4 CTH CIEKTP POXICHHUS SIEpHBIX ()P I'MEHTOB B 3HEpre-
TUYECKOM 1 11 30He 1-150 M3B, T KXe NpoBEpKY U p 3BUTHE TEOPETHUUECKHX
MozieNiel OIUC HUS PeNITUBUCTCKUX SJEepPHBIX CTOJIKHOBEHHUI H OCHOBE IOJIy4YeH-
HBIX DKCIEPUMEHT JIbHBIX J| HHBIX.

ITpoext CMC (coBmectnslii poext JIB® u HUAD MI'Y) nocsdien uccie-
J0B HUIO JIMIMPYIOLIMX Y CTUL B IPOTOH-AIEPHBIX B3 UMOJEUCTBHUAX. B I HBbI
HCCJIENOB HHUI BXOIOWUT BBLICHEHHE MEX HHM3MOB CHJIBHOTO B3UMOIEWCTBHA 4 CTHII.
DKCIEepUMEHT JIbH S yCT HOBK IIpefcT BIsieT co0O0il OIHOIUICYeBO M THHTHBIH
CHEKTPOMETpP C M3MEHIeMO reoMeTpuell CIIeKTPOMETPUUECKO U CTU U UCHOJNb-
3yeTcd JUld PeLIeHUs IBYyX OCHOBHBIX 3 1 4:

1) uccnenos HUE MPOCTP HCTBEHHO-BPEMEHHOH CTPYKTYPhl APOHHOTO B3 U-
MOJEHUCTBHA,

2) u3MepeHre H JIM3UPYIOLIeH CIIOCOOHOCTH KB 3UYNPYIOro p CCesdHHs I0-
JIIPU30B HHBIX IPOTOHOB H SIp X.

B p MK X mporp MMBI UCCIEJOB HMS B3 UMOAEHCTBUII MONIPU30B HHBIX MPO-
TOHOB C SIp MU IIPeAa I' eTcd U3MepeHUe OJHOCIMHOBOH CHUMMETPUU P CCEIHUS
MOJIIPU30B HHBIX MIPOTOHOB H BHYTPHAAEPHBIX HYKJIOH X JUI Cp BHEHHUd C H -
JIOTUYHBIM P CCESIHUEM H CBOOOJHBIX HYKJIOH X B 0011 ctu aHepruii 1-4 I'sB.

5.4. Ilouck cmvem HHOH ¢ 3b1. B 2005 r. B OUSN H 4 nock obeyxnenne
BO3MOXHOCTH [TIOMCK CMeIll HHOM ¢ 3bI CUIBHOB3 UMOJEHCTBYIOLIEH SINEpHON M -
TEPUU B PEIATUBHCTCKUX CTOJKHOBEHUSIX TSAXKENbIX MOHOB H HyKJoTpoHe. Hnes
H OJIofeHNsS H HYKJIOTPOHE CMEIl HHOM ¢ 3bI, KOTOP S MOXET COCTOATH U3 LIBET-
HbIX ¥ OeclBeTHBIX 00BbEKTOB, ObUT mnpemtoxeH A.H.Cuc KaHOM ¢ Koiuler Mu
[78,79]. B XHBIM CBOWMCTBOM CMeII HHOW (p 3bI ABISETCA U CTUYHOE BOCCT HO-
BJICHUE B HEH KUP JIbHOU CUMMETPUHU.

B uione 2005 r. B OUAU cocTosyioch MeXIyH pOIHOE COBELl HHUE IO Ipo-
6reMe MOMCK CMel HHOH () 3Bl CHJIBHOB3 MMOJIEHCTBYIOLIEH M TEpUH H HYKJIO-
TpoHe. Bo3MOXHOCTh 0Op 30B HUS CMeIl HHOM ¢ 3bI IPH M KCHUM JIBHO ITOCTH-
KMMOW 9HEPIUU HYKJIIOTPOH CIIENYET U3 P CUETOB, BbINOMHEHHBIX B. JI. ToneeBbIM
¢ xomer Mu [80]. Pe3ynpT Thl 3TUX p c4EeTOB HpPEACT BileHbl H puc.53. U3 pu-
CYHK MOXHO BUJETb, YTO IIPU M KCHM JIbHO BO3MOXHOW H HYKJIOTPOHE DHEPIUU
spep 30107 5 A I'»B guH MuYecK s Tp eKTOPHS SIEPHBIX COYI PEHHI MPOXOAUT
yepe3 00J CTh cMem HHOHM ¢ 3Bl

Oxup ercsd, 4To B 00N CTH ¢ 30BOrO HEpPeXoi Y CTUYHO BOCCT H BJIMB -
eTcsd KUp JIbH S CUMMeTpus. B 9 cTHOCTH, K K ObUIO TOK 3 HO B [81-83],
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Puc. 53. [luH Muyeckne Tp €KTOPUH IS LEHTP JIbHBIX AU + AU-CTOJIKHOBEHHIl B IJIOCKO-
ctu T'—np/no Wi p 3JMYHBIX SHEPTHI H JIET IOLIKX sIep B HHTEPB Jie oT 5 1o 158 A IB,
BBIYKCIICHHbIE B P MK X PEJIITUBUCTCKON TPEXKUAKOCTHOW THAPONMH MHYECKOWH MOJIEIH
[80]. Yucn BOMM3M Tp €KTOPHUH YK 3bIB IOT H BPEMEHHOH MOMEHT 3BOJIOLMU CTOJIKHOBE-
HUA

IBYX(POTOHHBII p CI [T 0-ME30H , SIBJISIOLIET0CS BO3MOXKHbBIM IPOMEXKYTOYHBIM CO-
CTOSIHUEM IIPH B3 MMOJCUCTBUU sIepP, MOXET OBITh CHIH JIOM OOp 30B HHUS CMe-
m HHOU ¢ 3bl. K K OK 3 HO H puc. 54, nipu Temriep Type BOJIU3U ¢ 30BOTrO Iie-
pexoxn , Kora My = 2my,, MOSBISETCd HOM JIBHO Y3KHUiHl NHK B CIIEKTpEe UHB PH-

HTHBIX M CC (POTOHHBIX I P, YTO MOXET CIYXHUTh CHIH JIOM () 30BOTO MEPexon .

CoBceM Hel BHO B p 00T X [79] ObU1  mpeioXeH Nporp MM (pH3UYECKUX
WCCIIEN0B HUM H HYKJIOTPOHE IS COYH PEHHUH TSXKEJIbIX MOHOB C TOMHBIMH HO-
mMep Mu A ~ 200 u sHeprusMu 10 5 I'sB/HYKJIOH, KOTOp 1 MOXET p CCM TpH-
B ThCH K K IIJIOTH S IPOTP MM JUIS MOCJIEAYIOIIUX €T JIbHBIX UCCIIEIOB HUMl H
SIS-100/300 (FAIR GSI [87]) u K K COCT BH $ 4 CTh MEXAYH POAHON H yYHOUH
porp MMEI (CM., H mpumep, [88-91] u npuseneHHbIE T M CCBUIKH) 10 U3YYEHHIO
DHEPreTHIECKON 3 BICUMOCTH CBOWCTB M TEPUH, 0Op 3YIOLICHCS B CTOITKHOBEHHUIX
PETATUBUCTCKUX TIXKEJBIX HOHOB.

B = crosmee Bpems BeneTcs MOATOTOBK COBMECTHOTO NMPOEKT 3KCIIEPUMEH-
TOB II0 MOKCKY CMeII HHOU ¢ 3bI H HykjoTpoHe B JIBD u JI Gop Topum Teope-
tuueckoil ¢usuxku OUAN.
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Puc. 54. lHB pu HTHBIN CIIEKTP M CC IBYX (POTOHOB Ipu 6 PHOHHOM XUMHUYECKOM ITOTEH-
my e p = 80 MeB u p 31uuHbIX Temnep Typ X [83]

5.5. IIpuKn faHbIE HCCJIEN0B HHA C HCIOIb30B HHEM IIy4KOB PeIATHBHCT-
CKHX faep HyKJOTpoH . Cunxpod 3oTpon OUSU B TeueHne MIMTENTHHOTO Bpe-
MEHU KTHBHO HUCIIONIB30B Jicd JJIS NPOBEJEHUs MPHKJ AHBIX UcciaeqoB HUM. Pe-
3ylbT Thl ®TUX HCCIENOB HUIl BeCbM IUIOJOTBOPHBI U MOSTOMY MX MPOAOJIKEHUE
yXe H LIUI0 MECTO H HYKJIOTpOHe. bonee Toro, mydku HYKJIOTPOH IpPefocT -
BIIIOT HOBBIE BO3MOXHOCTH I IPOBEINECHUSA NMPUKI JHBIX HCCIENOB HUH M HMX
Kpyr OyZIeT p CIIHpeH.

Hccnenos HUS B IPUKIT JHOU 00 CTH, IPOBOAMMBIE H YCKOPHUTEIBHOM KOM-
wiekce JIBD OUAU, Bkirou 10T GONbIIoi 06beM p OOT, H Mp BJICHHBIX H o0bec-
MeyeHre H 3eMHOr0 TeCTHPOB HHS JIEMEHTOB KOCMMYECKOW I p TYypbl, pelie-
HHe MpobiieM p AMOOUONIOrUM U KOCMUYECKOH OGMOMEIULUUHBL, TP HCMYT LMH P -
MO KTHUBHBIX OTXOIOB M HPOOJIEMBI 3IEKTPOSIIEPHOTO METOA TEHEp IIMU DHEPTHH,

T KXE UCIONb30B HUE ITy4KOB AP I MEIULIMHBI.

Dt H 1p BileHus OyIyT p 3BUB ThCS B JI JIbHEHIIEM C MCIIOIB30B HUEM O0JIb-
LIETO CCOPTHMEHT YCKOPEHHBIX SLEp.

B xoHeyHOM HTOTE, IPOIP MM HCCIIEIOB HUI H YCKOPUTEIBHOM KOMILIEKCE
JIBD OpHEeHTHPOB H H TOJyYeHHE HOBOW SKCHEPHMEHT JbHOW MH(OPM LUHU B
00J1 CTH peSITUBUCTCKOM silepHOI (pM3MKH, H TIPEeRocT BiIeHHEe (PU3MK M CTp H-
yu ctHun OMSIN HeoOXOonuMBbIX YCIOBUE MTPOBENEHUS UCCIIEN0B HUU.

3AKJIIOYEHHUE

MbI 1ocT p JMCh A Th Kp TKHH 0030p pe3y/lbT TOB MCCJIEIOB HHl HOCIeN-
HHX JIeT H YCKOPUTEIbHOM KoMIUIeKce JI 6Op TOpUM BBICOKMX ®HEPrHMid WMEHU
B.U.Bekciep u A.M.B nmua  OUSAUN. B o630pe mpuBeneHsl pe3ynbT ThI, HO-
JIydeHHblEe B OOJI CTH PESITUBUCTCKOHN SIepHOil (UM3MKM H CcOOCTBEHHOH 0 3e
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71 OOp TOpHHM, U HE 3 TPOHYTHI PE3YJbT ThI UCCIIENOB HUM, IPOBOAUMBIX COTPYA-
HUK MU J1 GOp TOPHHM B IPYTHX H YYHBIX LEHTP X. DTH UCCIIENOB HHS MOTYT OBITh
TEMOH OTHENFHOrO 0030p .

CriefyeT OTMETHUTh, YTO ycKopHTebHbld 1ieHTp JIBD OUSIU H 6 3e cBepx-
IIPOBOJALIETO YCKOPHUTEN — HYKJIOTPOH HPENOCT BJISET YHHK JIbHBIE BO3MOX-
HOCTH JUISl UCCJIEA0B HUH C PEIITUBUCTCKUMU SAP MM U NONTy4YeHUs (PU3NYECKHUX
pe3yapT TOB H C MOM COBPEMEHHOM YpOBHe. B H crodinee Bpemd Iporp MM
P 3BUTHS HYKJIOTPOH COCPENOTOYEH H pelleHUH B Kp T4 HIIKE CPOKHU 3 Il YU
YCKOPEHHUS TSAXENBIX HOHOB ¢ TOMHBIMH HOMep MU ~ 200 10 MpenensHO BO3MOX-
HOW MpoeKTHOU dHepruu 5 ['sB/HYKIIOH, 9TO MO3BOMUT B ¢ MOM OnmX imieM Oy-
AyLIeM 9KCIIEPUMEHT JIbHO MIPUKOCHYTHCS KO MHOTUM B KHBIM (PYHI MEHT JIbHBIM
npo0bJieM M CyIIeCTBOB HHUS CHIIbHOB3 mmozeinctByomeil KXJI-M tepun B aKcTpe-
M JIbHBIX ycaoBUsX. COBCEM Hell BHO OTKPBUI Cb NPHHLUIM JIbH $ BO3MOXHOCTb
yBEIMUYEHUs MpoeKTHOU 3Hepruu 1o 10 I'sB/HykiyoH, TeXHUYECK S pe JIM3 Lus
KOTOpOit OyiieT ciemyiomieil B XHOU 3 J 4Yeil p 3BUTHS HYKJIOTPOH .

MbI XOTHM 1OOJI TOA PUTh BCEX PYKOBOAMTEINEH ®KCIEPUMEHTOB, MPENoCT -
BUBLIUX BO3MOXKHOCTb UCIIOJIB30B Th PE3YJIBT Thl CBOUX HCCIENOB HUH Ul ITOATO-
TOBKHM H CTOSIIEro 0030p .

P 6or BbmonHen npu nomiepxke rp HT PODOU 05-02-17695 u cietm Jib-
HOW nporp MMbl Munucrepcts 00p 30B HMS U H yku Poccuiickoit @enep uuu,
rp ur PHIIL.2.1.1.5409.

JIUTEPATYPA

1. B noun A.M. I/ Kp tkue coobuienus no pusnke PUAH. M., 1971. C.35.

2. B aoun A.M. u op. I/ 51®. 1973. T. 18, Bem. 1. C.79.

3. Baldin A. M. // Proc. of Conf. on Extreme States in Nucl. Syst. Dresden, 1980.
4. Cm eéunckui B. C. // DUAS. 1979. T. 10, Boi. 5. C. 949-995.

5. Cm eunckuii B. C. Coobmenne OUSIU P2-9528. Iyou , 1976.

6

. Cm eunckuti B. C. [/ Tp. IX MexayH p. ceM. 1o npoGiieM M (PU3HKH BBICOKHX DHEp-
ruit. 14-19 mionsa 1988 r. yon . OUAU 11,2-88-652. Ny6u , 1988. C.190-211.

Baldin A. M. et al. Preprint JINR E2-83-415. Dubna, 1983.

8. Aubert J.J. et al. // Phys. Lett. B.1983. V.123. P.275.

9. Brener A. et al. // Phys. Rev. D. 1982. V.26. P. 1497.

10. Baldin A. M. et al. JINR Commun. E1-82-472. Dubna, 1982.

11. Bojarinov S. V. et.al. // Sov. Nucl. Phys. 1987. V.45. P. 1472.

12. B aoun A. M. // Joxn get AH CCCP. 1975. Ne 5. C. 1064.

13. Baldin A. M., Didenko L.A. // Fortschr. Phys. 1990. V.38, No.4. P.261-332.
14. Baldin A. A. // JINR Rapid Commun. 1996. No.4[78]-96. P. 61-68.

~

67



15.
16.
17.

18.
19.
20.
21.
22.

23.

24.
25.

26.

217.
28.
29.
30.
31.

32.
33.
34,
35.
36.
37.
38.
39.
40.
41.

42.
43.
44.
45.

Baldin A. M., Baldin A. A. // Phys. Particles and Nuclei. 1998. V.29, No.3. P.232.
Baldin A. M., Malakhov A. 1. // JINR Rapid Commun. 1998. No. 1[87]-98. P.5-12.

Baldin A. M., Malakhov A. I., Sissakian A. N. // Phys. Particles and Nuclei. 2001. V. 29,
No. 32, Suppl. 1. P.4-30.

Zborovsky I. et al. // Phys. Rev. D. 1996. V.54. P.5548.

Tokarev M. V. et al. //Int. J. Mod. Phys. A. 2001. V.16. P. 1.

Tokarev M. V., Dedovich T. G. // Int. J. Mod. Phys. A. 2000. V 15. P.3495.
Tokarev M. // Acta Physica Slovaca. 2004. V.54. P.321.

Agapov N. N., Kovalenko A. D., Malakhov A. 1. // Atomnaja energia. 2002. V.93, issue
6. P. 479-485.

Malakhov A. I. Report to the 95" Session of the JINR Scientific Council. Jan. 15-16,
2004, 2003-237. Dubna, 2003.

Donets E. D. et al. /] Rev. Sci. Instr. 2002. V.71. P.679.

Malakhov A. I. Report to the 97¢" Session of the JINR Scientific Council, Jan. 20-21,
2005, 2004-194, Dubna, 2004.

Malakhov A. I. Report to the 99" Session of the JINR Scientific Council, Jan. 19-20,
2006, 2003-237, Dubna, 2005.

Ag n cvee C.B. u op. /l Tlucem B DUAS. 2004. No 1(118). C. 68.

Malakhov A. I et al. /] Nucl. Instr. Meth. 2000. V. 440, issue 2,1. P.320-329.
B noun A M. u op. /] AD. 1973. T. 18, Bem. 1. C.79.

Schroeder L. S. et al. // Phys. Rev. Lett. 1979. V.43, No.24. P.1787.

Boyarinov S. et al. // Proc. of the XII Int. Seminar on High Energy Physics Problems.
Dubna, 1997. P.352.

Benses U.M. u op. I/ 1. 1993. T.56. C.135.

Malakhov A. 1. // Phys. Part. Nucl. 2004. V.1, No. 6. P. 314-324.
Zarubin P. I. // Phys. Part. Nucl. 1995. V.26, No. 3. P.221.

Adiasevich B. P. et al. // Z. Phys. C. 1996. V.71. P. 65.

Sharov V. I et al. // JINR Rapid Commun. 1996. Ne 3[77]-96. P. 13.
Lehar F. JINR Preprint E1-2001-238. Dubna, 2001.

I cn pan A. 1. u op. // TITD. 1977. T.2. C. 37.

Troyan Yu. A. et. al. Preprint JINR E1-2002-214. Dubna, 2002.
Diakonov D., Petrov V., Polyakov M. /| Z. Phys. A. 1997.V.359. P.305.

Tposan I0. A. u op. lpenpuntr OUAN [11-2004-39. dy6H , 2004;
Troyan Yu. A. et. al. //Part. Nucl., Lett. 2005. V.2, Ne 1. P. 20.

Anisimov Yu. S. et al. // Phys. of Atom. Nucl. 1997.V.60, Ne 6. P.957.
Abraamyan Kh. U. et al. /] Phys. Lett. B. 1994. V.323. P. 1.

Astvatsaturov R. G. et al. // Nucl. Instrum. Meth. 1979. V.163. P.343.

A6p wman X. Y. u op. I/ A®. 1997. T.60. C.2014; Ad. 2005. T.68. C. 1020.

68



46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

58.
59.
60.
61.
62.
63.
64.
65.

66.
67.
68.
69.

70.
71.
72.
73.
74.
75.
76.
77.

Anikina M. K. et al. // Phys. Lett. B. 1997. V.397. P.30.

Adamovich M. I. et al. // Phys. Atom. Nuclei. 2004. V.67, No.2. P.273.
Adamovich M. I. et al. // Part. Nucl., Lett. 2002. No. 1[110]. P.29.

Avdeev S. et al. // Nucl. Phys. A. 2002. V.709. P.392.

K pn yxo6 B.A. u op. I/ Ad. 2003. T.66. C. 1282.

Karnaukhov V. A. et al. // Nucl. Phys. Rev. A. 2004. V.734. P.520.

Karnaukhov V. A. et al. // Phys. Rev. C. 2004. V.70. P.041 601 (R).

Baldin A. M., Malakhov A. 1. // Nucl. Phys. A. 1994. V.566. P.611.

Baldin A. M. et al. // Nucl. Phys. A. 1995. V.583. P.637.

A¢ n cves C.B., Opabnos [. K. I/ Tlucem B DUAL. 2005. T. 2, Ne2(125). C. 82.
Anucumos 0. C. u dp. I/ Kp txue coobmenuss OUAN. 1998, No5[91]-98. dy6H , C.25.

Malakhov A. I. // Proc. of the XVII Int. Baldin Seminar on High Energy Phys. Prob-
lems, Dubna, Sept. 27—Oct. 2, Eds. Sissakian A.N. et al. V.II, Dubna, 2005. P.319-
338.

K pneues E. B. u op. Ilpenpunt USAW PAH — 1154/2005, M., 2005.
Uesaka T. et al. Preprint JINR E1-2005-64. Dubna, 2005.

Ladygin V. P. et al. nucl-ex/0510050, 17 Oct. 2005.

Mueo n A.B. /] XDT®. 1955. T.28. C.3.

Pomeranchuk 1. // DAN USSR. 1951. 2, V.LXXVIII. P.249.

Komarov V. et al. nucl-ex/0210017. 2002.

Uzikov Yu. N. et al. // J. Phys. G: Nucl. Part. Phys. 2002. V.28. P.B13.

Sharov V.1 et al. /| XI-th Workshop on High Energy Spin Physics «SPIN-2005»,
Dubna, Sept. 27-Oct. 1. 2005.

Anopees H.II. u op. /] S1D. 2005. T. 68, Ne3. C.484.
Afanasiev S.V. et al. // Nucl. Instr. Meth. B. 2005. V.227. P.61.
Aouwes 0. H. u op. I/ Tlucem B KDOT®D. 2005. T. 81, Bbim. 6. C. 305.

Bamblevski V. P., Krylov A. R., Timoshenko G.N. Preprint JINR E16-99-47. Dubna,
1999.

Tumowenko I'. H., b m6neséckuii B. I1. TIpenipuut OUSIN P16-2003-62. Oy6n , 2003.
Wan J.-S. et al. /| Nucl. Instr. Meth. A. 2001. V.463. P. 634-652.

Wan J.-S. et al. // J. Radioanal. Nucl. Chem. 2001. V.274, No. 1. P.151-157.
Krivopustov M. I. et al. // Kerntechnik. 2003. V. 68. P.48.

Zamani M. et al. // Radiation Measurements. 2005. 40. P.410-414.

Westmeier W. et al. // Radiochem. Acta. 2005. 93. P.65-73.

Mounoxk noe A.T., Cnypuor @. Tlpenpuntr OUAN P16-2005-86. Oy6H , 2005.
Malakhov A. 1. // Nucl. Phys. A. 2004. V.734. P.82-90.

69



78.

79.

80.
81.
82.
83.
84.

85.
86.

87.
88.

89.
90.
91.

3unosves I'. M., Cuc kan A. H., Copun A. C., Cyaeiim noe M. K. // U36p. Tpynpl yHU-
BepcuteT «dy6H », C6. cT Tei. Boi. 1. dyou , 2004. C.44-68.

Sissakian A. N., Sorin A.S., Suleymanov M. K., Toneev V.D., Zinovjev G. M. nucl-
ex/0511018 (2005), nucl-ex/0601034 (2006).

Ivanov Y. B., Russkikh V. N., Toneev V. D. nucl-th/0503088.

Chiku S., Hatsuda T. // Phys. Rev. D. 1998. V.58 P.076001; [hep-ph/9809215].
Hatsuda T., Kunihiro T., Shimizu H. // Phys. Rev. Lett. 1999. V.82. P.2840.
Volkov M. K. et al. [/ Phys. Lett. B. 1998. V.424. P.235; [hep-ph/9706350].

Logunov A. A., Mestvirishvili M. A., Ngueyn Van Hieu. // Phys. Lett. B. 1967. V.25.
P.611-614.

Bogoliubov N. N. Preprint JINR D-781. Dubna, 1961.

Matveev V. A., Muradyan R. M., Tavkhelidze A.N. /| Lett. Nuovo Cim. 1973. V.7.
P.719-723.

Gutbrod H.H. // Nucl. Phys. A. 2005. V.752. P.457-469.

Braun-Munzinger P., Redlich K., Stachel J. // Quark Gluon Plasma 3 / Eds. R.C. Hwa
and X.N. Wang, World Scientific, Singapore. P.491; [nucl-th/0304013].

Nagle J. L., Hallman T. // AIP Conf. Proc. 698. 2004. P.735-740; [nucl-ex/0308019].
Gorenstein M. I. hep-ph/0310269. 2003.
Gazdzicki M. nucl-ex/0512034. 2005.



Pen xrop E. K. Akceroe

IMoanuc Ho B ey 15 25.10.2006.
®Dopm 1 60 X 90/16. Bym r odcern 4. Ileu b odceTH 4.
Yen. ned. .. Ya.-us3p. .. Tup x ok3. 3 x 3 Ne .

W3n tenbckuii otaen OOGbeIMHEHHOTO HHCTUTYT SIICPHBIX HCCIICHOB HUit
141980, r. dy6n , Mockosck s 06:1., yi1. 2Konmo-Kropu, 6.
E-mail: publish@jinr.ru
www.jinr.ru/publish/



